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BEAMED WATERWAY 
GATE VALVE 
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Recognizing the need for a more efficient 
valve than the double disc, parallel seated 
gate valve used under throttling conditions, 
Chapman engineers developed the Beamed 
Waterway Gate Valve. 

This valve is designed to provide suffi- 
cient bearing contact for the downstream 
disc to prevent its tipping into the water- 
way. This is effected by means of bronze- 
faced vertical beams in the downstream 
port, which contact bronze strips in the 
adjacent disc. The bronze facings are in the 
same plane with the seat and disc ring faces, 
thus increasing the bearing contact between 
disc and body seat facings from six to ten 
times when the valve is in the one-quarter 
or one-half open positions. There is no un- 
even wear on the seat rings to cause the 
valve to leak. 

Beamed Waterway Gate Valves have been 
tested in actual operation for more than ten 
years, and conclusive reports from Water 
Filtration Plants are now available to engi- 
neers. Write to: 


The Chapman Valve 
Manufacturing Co. 


INDIAN ORCHARD, MASS. 
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MECHANICAL EQUIPMENT 
oy 


Roserts Firver Meo. Co 
DARBY, PENNA. ? 


MUNICIPAL AND CONSULTING ENGINEERS 


Many of the nation's leading Public Works and 
Consulting engineers are using the. facilities of 
Roberts Filter Company to aid in the detailed 
planning of present or future projects under 
their supervision. You will find the Roberts ; 
organization well iferant, ae ‘and 

oars in every way. ' 


ROBERTS FILTER. 
WATER FILTRATION PLANTS AND EQUIPMENT + ZEOLITE MANUFACTURING ssi 


SOFTENERS » WHEELER FALSE FILTER BOTTOMS - PRESSURE 697. rSOkumne, aeacus : BAe PaMMe. 
FILTERS * SPECIAL WATER TREATMENT EQUIPMENT & 5 : whet 
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Laughlin Automatic Traveling-Type Screen 
installed in the Dearborn, Michigan Sew- 
age Treatment Plant. The Everdur blades 
have taken twelve years of punishing serv- 
ice, yet are still sound, 





Float Tubes, 12 inches diameter, 45 feet 
long, fabricated of Everdur Sheet, welded. 
Designed by Krajewski-Pesant Mfg. Corp. 
for use in Wards Island Sewage Disposal 
Plant, New York. After seven years of serv- 
ice the float tubes are in excellent condition. 
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Air view of World’s Largest Sewage Plant, 
Chicago, IIl., where 14 miles of Everdur Con- 
duit and 20,000 Ibs. of long service Everdur 
Fittings are installed. 





SEWAGE TREATMENT PLANNING 


also involves 


¢ PLANNING AGAINST CORROSION 


FROM THE INITIAL SCREENING of raw 
sewage to the removal of dried sludge, 
the operation of the modern sewage 
treatment plant is a battle against cor- 
rosion—against the deteriorating effects 
of gases, moisture, moisture-saturated 
air and the corrosive action of sludge. 
Many metals, which under normal con- 
ditions of use would give years of 
trouble-free service, break down under 
the corrosive influences attending the 
processing of sewage. 

That is why Everdur* (copper-silicon 
alloy) is specified for so many heavy- 
duty service jobs in sewage plants. 
Everdur combines the corrosion resist- 
ance of pure copper with the tensile 





strength of mild steel. It is readily 
welded, and has high resistance 
fatigue. For detailed information on 
Everdur Metal write for Publication 
E-11. *Reg. U.S. Pat. Of 





EVERDUR METAL 


is used in sewage works for Coarse 
and Fine Screens, Swing Gates, 
Built-up Sluice Gates, Coarse Bar 
Rack Aprons, Effluent Weirs and 
Scum Weirs, Structural Scum Baffle 
Brackets, Troughs, Screen Hoppers, 
Orifices, Baskets, Anchors, Ladders, 
Float Gage Chains, Valve Springs, 
I. ianhole Steps; Guides, Walkways, 


Bars and Plates, Bolts and Nuts. 
44133 











BUY WAR BONDS...buy more than before 


Awacowo. oA 
oa a a — 


THE AMERICAN BRASS COMPANY —General Offices: Waterbury 88, Conn 


4s ada Copper Mining Company —in Canada Anaconda American Brass L 
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CONSTRUCTIVE PLANNING NOW 
WILL AID CIVIC GROWTH 


ing, fabrication and initial operation. 


Conkey Sludge Filters have for years effi- 
ciently dewatered various types of sludges and 
wastes in large and small communities. 


Adequate plans for dewatering domestic or 
partially industrial sewage sludges made now 
will mean healthy, happy communities and 
will provide, when needed, useful public 
works of a permanent nature. 


Municipal and consulting engineers appre- 
ciate the advantage of working with an or- 
ganization whose equipment is backed by 
undivided responsibility for design, engineer- 


Conkey Sludge Filters are designed by en- 
gineers who understand feed consistency, 
conditioning chemicals, conditioning time, ap- 
plication and mixing, and built by workmen 
who know how to construct sludge filters. 


Over a thousand tons of dry solids are de- 
watered daily in American communities — 
large and small — on Conkey Sludge Filters. 
Thirty years’ experience in dewatering sludges 
is available to you by calling in a General 
American engineer to assist in your planning. 


GENERAL AMERICAN 


TRANSPORTATION \«7-Wm ¢ CORPORATION 


PROCESS EQUIPMENT DIVISION 





AL 4 











yy mare & WELDING DIVISION 


General Sales Offices: 530e Graybar Bldg., New York 17, N. Y. ¢ Works: Sharon, Pa., and Louisville, Ky. 


Sales Offices: Louisville, Chicago, Sharon, Cleveland, Pittsburgh, St. Louis, Salt Lake City, 
San Francisco, Tampa, Washington, D. C. 
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AQUA NUCHAR 


Ui theBeach/ 


Aqua Nuchar is the 
activated carbon with millions of tiny particles that AD- 
sorb algae odors and other foreign elements that cause 
bad taste and odor in water. It also removes impurities 
which might be placed in the water by the enemy. 


. the pummelling of enemy shores by our aircraft and 
naval bombardment . . . the herding together of de- 
stroyers, landing craft and other great and small navy 
ships. . . then the troops . . . hitting the beach, wave 
after wave after wavel 


The beachhead is established . . . out of the blood and 
sweat of American soldiers, sailors and marines. After 
the first tenuous strip of beach is won and held, supplies 
roll and float ashore. Among these necessities is Aqua 
Nuchar Activated Carbon, packed in special, watertight 
drums for overseas consumption. Yes, Aqua Nuchar fol- 
lows the fighting men because it is necessary to insure 


crystal-clear water for our forces. 


Aqua Nuchar is extensively used at home, too . . . and 
has been employed for many years in over 1,200 com- 
munities by outstanding waterworks superintendents. 


To assure clear, palatable water for your community, use 
Aqua Nuchar Activated Carbon. Put ADsorption to 
work for youl 


But above all, remember there is a war 
yet to be won. Maintain equipment to 


: BLUEPRINT NOW | 


assure operation at 100% efficiency. 


cope seca gens sree armeerenmemerer acenee agonmenngy sonene 


INDUSTRIAL, SEEMICR. L 





NEW YORK 17, N.Y. ~ 


# 
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Is this 


Peace may still be far away. 


Or it may be closer than you think 


But near or far, final victory will bring 
two certainties to affect your job. 


First, there will be changes in Ameri. 
can living—for revolutionary peacetime 
progress has followed close on the heels 
of every modern war. And you will havea 
great part to play in the coming postwar 
America! 


Among other things, we believe the 
postwar period will see an important 
revolution in municipal life: the merging 
of food wastes and human wastes ina 
SINGLE system of collection and disposal, 
by water-carriage methods. 


This idea is already more than a de. 
cade old and was well on the way to 
general acceptance when the war began. 

We believe that the garbage can, asa 
part of the American home—and the 
separate collection of garbage, as a part 
of municipal activity—will ultimately 
become as extinct as the outhouse. 

The G-E DISPOSALL—a mechanism 
for converting food waste into sewage by 
shredding, and then flushing it down the 
drain—makes this revolutioi possible. 

It involves no new problems for muni- 
cipal sewage disposal systems—for food 
wastes and human wastes are basically 
identical. 

You, in your vital job of assisting 
human progress, after the war, will want 
to be familiar with the Disposall. 


YOUR QUESTIONS AND 
OUR ANSWERS 
about the G-E Disposall 


1. Is the Disposall a tested product— 
or just an “‘idea’’? 


Answer: The first Disposall was mat- 
keted in 1935. It has spent its first dee 
ade proving the soundness of its pri 
ciples, 
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It is ready to become a new way of 
life, in the postwar period, only because 
more than ten years of preparation lie 


behind it. 


2. Won't the Disposall create new 
problems in sewerage systems? 


Answer: No. Ten years of tests have 
amply substantiated the fact that solids 
already in your sewer lines and treat- 
ment plants are not in any significant 
way different from the shredded food 
wastes flushed into your system by the 
Disposall. 

Quantitatively, widespread use of the 
Disposall will call for greater capacity in 
your plants some day—but never for 
any change in your methods of treatment. 












3. What is there to gain by this dual 
disposal? 


Answer: Garbage—which is to say, food 
wastes which have putrefied—is too 
dangerous to store in the home, or near 
it. It would be difficult to overestimate 
the diseases caused by the flies it breeds, 
the rodents it attracts. 


Even polio is now on the list of more 


than a score of disease indictments 


against the common housefly! 


In addition, garbage is odorous and 
unpleasant. With the Disposall, food 


a part of your postwar job....? 


wastes are shredded and water-flushed 
out of the house before they putrefy into 
garbage! 


4. If this change is so logical, why 
hasn't it come sooner? 


Answer: “Precedent” —or the absence of 
precedent—is the only answer we can 


think of. 


Originally, sewers were regarded as 
drains for storm water only—the idea of 
putting any solids into them was un- 
heard of! 


Later, the idea of removing human 
wastes by water-carriage methods de- 
veloped. The idea of human-waste re- 
moval is about fifty years old; the idea 
of food-waste removal by the same 
means is about ten years old. 


5. Why “grind” the food waste so 
small? 





Answer: Since size alone has hitherto 
prevented dual disposal of food wastes 
and human wastes by water, it is obvious 
that some grinding is necessary. 

The very fine particles turned out by 
the Disposall represent the carefully 
tested, safe dimensions at which par- 
ticles will not shoal at any sewer velocity 
in common use but will be amenable to 
clarification, digestion, and stabilization 
at treatment plants. 


6. If we have no sewage treatment 
plant, what then? 


Answer: With widespread use of the 


Disposall—with any use of the Disposall 
—or with no Disposalls at all, we believe 
a sewage treatment plant is an absolute 
“must” in any American city. 

We hope that the Disposall—by pro- 
viding still another reason for such a 
plant—will help those public-spirited 
men who have long been fighting for 
such facilities! 
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7. Where can I get more information? 


Answer: Comprehensive tests of the 
Disposall, in actual use, over a period of 
more than ten years, have given us re- 
liable data on its use. 


The net result of this material shows 
that no new problems of any nature will 
be created by the Disposall. 


For complete data, or any special in- 
formation, please write to: GENERAL 
ELECTRIC COMPANY, Dept. WWS 65, 
Schenectady, New York. 


CONVERTS FOOD WASTE TO SEWAGE—ELIMINATES “GARBAGE” 


GENERAL @ ELECTRIC 
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WATER POINT SET UP AT LINGAYEN, LUZON 
U. S. A. Signal Corps Photo 


As essential as machine guns at the fighting 
front pure drinking water is easy to obtain 
even in the most remote jungles by means of 
HOODCHLOR. Now used on most fighting 
fronts as well as by many municipal and private 
water works throughout the United States. 


HOODCHLOR 


The Gunga Din of the U. S. A. 
HIGH TEST HYPOCHLORITE 


When HOODCHLOR is fed into the drinking 
water supply it quickly destroys and prevents 
growth of dangerous bacteria. This high test 
calcium hypochlorite in free-flowing granular 
form retains its strength for a year or more. 


BEACHHEAD AT LEYTE 
Official U. S. Navy Photo 


Rapid rate of solubility enhances its con 
venience. 


HOODCHLOR is widely used in this country 
by municipal and private water systems of not 
over 500,000 gallons daily capacity and by 
larger works for emergency use. It destroys 
slime and algae in reservoirs, tanks and mains, 


HOODCHLOR is also extensively used in sew- 
age treatment, and for sterilizing swimming 
pools. Many municipalities keep a supply on 
hand for emergency use when fires, explosions, 
floods, or other disasters disrupt the regular 


supply. 





HOODCHLOR is now shipped in convenient 
resealable steel pails, lined with chlorine resistant 
lacquer. Net weight 25 pounds. Also packed in 
334, Ib. cans, 12 to the case; and 5 lb. cans, 9 to 
the case. 











Send for descriptive folder and price list 


CHEMICAL CG, Int. 


EXECUTIVE OFFICES 
1819 BROADWAY, NEW YORK 23, N. Y. 
FACTORY: AKRON, OHIO 


HOOD CHLORILITE 
CHLORIDE OF LIME 


HOODCHLOR HIGH TEST CALCIUM HYPOCHLORITE 
CAUSTIC SODA BICARBONATE OF SODA SODA ASH 
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Pressure 
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A 60,000 gal. Horton elevated storage tank at Newton, Ga. Note how this 
streamlined ellipsoidal tank blends with the surroundings. 


Many engineers have found the solution to the prob- 
lem of smoothing out water variations 
through the installation of Horton elevated storage. 
They have also found that Horton elevated storage . . . 
in addition to providing a reserve of water that keeps 
enables a municipality to meet 


pressure 


pressure uniform... 
severe hourly peak demands. 


The Horton elevated storage tank shown above . 
which has a capacity of 60,000 gal... . installed at 
Newton, Ga. . . . is an important part of that munici- 
pality’s water works distribution system. The height 
of this structure is 75 ft. to bottom. 


While most engineers are well acquainted with the 
advantages such as: lower pumping costs, added re- 
serve for fire protection, and a provision for pumping 
during off-peak periods, not all have full particulars 


about Horton elevated storage. 


If you are concerned with the planning or revision 
of water distribution systems, it will be worth your 
while to investigate Horton elevated storage facilities. 
Write to any of the offices shown below. We'll send 
you estimating costs of fabrication and erection of 


Horton elevated storage. 


CHICAGO BRIDGE & IRON COMPANY 


2198 McCormick Bldg. 1646 Hunt Bidg. 


3390-165 Broadway Bldg. 5615 Clinton Drive 
2262 Guildhall Bidg. 1644-1700 Walnut Street Bidg. 


1455 Wm. Fox Bidg. Washington 4 703 Atlantic Bidg. 
1586 North 50th Street San Francisco 11 1283-22 Battery St. Bidg. 


In Canada: Horton Steel Works, Limited, Fort Erie, Ont. 


Chicago 4 

New York 6 
Cleveland 15 
Los Angeles 14 
Birmingham 1 


Houston 1 
Philadelphia 3 


Plants in Birmingham, Chicago and Greenville, Pa. 
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‘ {BOTTLENECKS = Down wa Out 


WHEN YOU SPECIFY 


a ja. C.f; LUBRICATED PLUG VALVES with 






















T.. cylindrical plug of the QLC.f- 
Lubricated Plug Valve provides a round-cornered, full pipe-area 





port opening which assures (1) unrestricted flow and full pressure 





of fluids throughout your pipe lines (2) longer valve life — since 
flow velocities are not increased and abrasion is reduced. The 
over-all result is maximum efficiency at minimum cost in time, 
labor and power. 

QLC.f- Lubricated Plug Valves have straight through ports. 
There is no change in direction of the flow. Seating surfaces are 
sealed away from the flow stream when in the open position — 


“TAILOR - MADE” 
FOR SEWAGE LINES 


Liquids bearing solids in suspension 
exactly the opposite of the exposed seating elements of valves 

which deteriorate from the cutting and abrasive action of ladings. such as sewage sludge and most 
Tight seating is achieved because seating surfaces are not dam- granulated or similar solids are 
aged by lading flow. Q-C.f> Lubricated Plug Valves need no easily controlled. Send for Catalog 
auxiliary packing — they are thoroughly sealed by a resilient, 
easily renewable lubricant gasket. Representatives in principal or 


cities carry adequate warehouse stock for quick delivery. 


OCLC F- AMERICAN CAR AND FOUNDRY COMPANY 


VALVE DEPARTMENT 
30 CHURCH STREET © NEW YORK 8&8, N. Ys 
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Housed in Aleoa Aluminum, — 


e 


control equipment stays) | \ | 






















“Much of our control equipment 
employs aluminum enclosures, be- 
cause of the corrosive conditions 
under which it must operate. To 
our knowledge, we have never had 
to replace an enclosure because of 
deterioration. And examination of 
the controls after some years of 
service shows them still ‘good as 
new.” 

Thus writes Automatic Control 


Company, manufacturers of liquid 


level and pressure controls. Again 
confirming that it pays to use 


Aleoa Aluminum. 





Specify that your equipment is 


to be housed in aluminum, and 


save on upkeep. Alcoa Aluminum 
is available for such purposes, upon 
WPB approval. ALUMINUM 
Company OF America, 1955 Gulf 
Building, Pittsburgh 19, Penna. 








Alcoa Aluminum has proved its ability to 
stand up under many adverse conditions. 
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COVINGTON 
OHIO 




















~ FLOW SHEET 







and suspended solids. 


TYPICAL OPERATING RESULTS 


American Bu-Achwation 7 


WASTE TREATMENT 






CHILTON 


WISCONSIN 


Bie- Activation combines the best qualities of both the trickling filter and the acti- 
vated sludge process to produce a completely stable, nitrified effluent, low in B. O. D. 






























Domestic, Malt, Brewery and 
Canning Wastes 
spended 
inet Svsplids 
Raw Waste 342 370 
Primary Effluent 235* 134 
Influent to Filter 5107 paves 
Filter Effluent 99 143 
Intermediate Effluent 58 65 
% Reduction Filter Influent through Intermediate Effluent 89.5 s 
Final Effluent 13 15 
% Overall Removal 97.5 96 








*High Soluble 5 BOD from malt and brewery. 
+Pea waste; 600-1200 ppm. 5 BOD, added in primary effluent. 





PUMPING: SEWAGE TREATMENT: WATER PURIFICATION EQUIPMENT: 
RESEARCH * ENGINEERS - MANUFACTURERS * Fach and Laboratories *** AURORA, ILLINOIS 
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Blue Print Now! — Send for Bulletin No. 259 
























Your guarantee of dependable protection for water 
supplies is the uniformity, purity and highest 
quality of Diamond Liquid Chlorine. 


DIAMOND ALKALI COMPANY 


Pittsburgh 22, Pa., and Everywhere 


QUID CHLORINE) 
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De Laval water turbine 


and pump set 


The De Laval Water Turbine and Centrifugal Pump.set here shown is located in a room 
beneath one corner of the Public Library, 40th St. and Fifth Avenue, New York City. At 
full capacity the water turbine, receiving 20,800 g.p.m. of Catskill water under 210 ft. 
head. and discharging to its distribution system against 120 ft. head, drives a pump oper- 
ating at 560 r.p.m., which delivers 21,000 g.p.m. of Croton water to its distribution system 
against 100 ft. head. The positive head at the suction nozzle is 35 ft. and 392 hp. is 
delivered by the water turbine. 


The speed of the unit is automatically regulated by a hydraulically operated throttle 
valve in the turbine discharge line, actuated by the pressure therein. No particular attention 
is necessary other than occasional inspection of the lubricating system. 


> De Laval engineers will gladly help in solving your pumping problems. 


4107 


Fecntomae 
MANUFACTURERS OF TURBINES STEAM, HYDRAULIC. PUMPS CENTRIFUGAL, CLOGLESS 
ROTARY DISPLACEMENT, MOTOR-MOUNTED, MIXED-FLOW, PROPELLER PRIMING SYSTEMS 
CENTRIFUGAL BLOWERS ond COMPRESSORS GEARS WORM, HELICAL: and FLEXIBLE COUPLIN 
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Vent stacks that carry moist gases 
from raw or treated sewage are 
almost sure to be maintenance 
headaches . . . unless the proper 
material is used. 

Carbon and sulfur compounds in 
the gas combine with the moisture 
to form destructive acids that make 
short work of ordinary vulnerable 
materials. Modifying the corrosive 
conditions is difficult, if not im- 
possible. The best and simplest 
solution is that followed by the 
eastern plant which erected the 
60-foot vent stack illustrated .. . 
use Byers Wrought Iron. 

The durability of wrought iron in 
this, as in other corrosive sewage 
plantservices, comes fromits unique 
structure. Tiny fibers of glass-like 
silicate slag—250,000 or more in 
each square inch of cross-sectional 
area—are threaded through the 
main body of high-purity iron. 
When corrosion encounters these 
fibers, it is halted and deflected 
uniformly over the entire surface, 
instead of tending to localize as it 
does with ordinary materials. The 
fibers help to anchor the initial 
protective scale, which shields the 
underlying metal. And when gal- 
vanizing is used, wrought iron’s 
microscopically rougher surface 
takes and retains a heavier coat. 















How successfully wrought iron 
combats the aggressive attack of 
sewage gases is indicated by its 
widespread utilization. Some of 
the country’s newest, largest dis- 
posal plants use it for ducts, for 
gas collecting hoods and domes, 
for gas lines, and for waste heat 
boilers. If you are not now using 
wrought iron in any of these serv- 
ices, you'll find it profitable to in- 
vestigate its record. 


CORROSION COSTS YOU MORE THAN WROUGHT 





Our technical bulletin, ‘Wrought 
Iron for Sewage Treatment and 


at 


Disposal Installations,"’ illustrates 
and describes a number of the 
wrought iron applications in mod- 
ern plants. We will be glad to send 
you a copy on request. 

A. M. Byers Co., Pittsburgh, Pa. 
Established 1864. Boston, New 
York, Philadelphia, Washington, 
Chicago, St. Louis, Houston, 
Seattle, San Francisco. 


IRON 
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BURGESS SNUBBER BULLETIN for Diesel Exhaust Noise Control 


A TYPICAL CAUSE OF 


POOR ENGINE PERFORMANCE 


In previous articles we have discussed the effect of 
the Burgess Snubber on the air intake of a Diesel engine 
or compressor --- how the Snubber is used to eliminate 
resonance, ramming, and pulsations in the air intake 


system. 


Some air intake problems are simple to solve --- others 
are particularly knotty, in which case the Burgess engi- 
neer is frequently called for consultation and advice. 

One interesting problem recently developed in 4 


Diesel electric power plant equipped with a low speed, 


Burgess Manometer readings for the engine cycle showing air 


heavy duty, two-cycle, 10-cylinder Diesel engine with intake manifold pressure variations. 
separate scavenging centrifugal blower. Complaints on 


the installation developed because of a pronounced low 
frequency pulsation in the air intake of the centrifugal 
blower. The low frequency pulsation was exactly oppo- 
site of what might be normally expec 
er speed was 3600 rpm and engine speed only 300 rpm. 
The engine was equipped with an 
and the pulsations were severe enoug 
of the cleaner oil pan. Also, the audible low frequency 
sound emitted from the blower intake caused visible 
vibration of objects adjacent to the filter house. 
Before the Burgess engineer was called in, the utility 
undertook to solve their own problem by installing a 
second oil bath air filter. This impr 


only slightly. 


BURGESS EXHAUST SNUBBER 
STC SERIES 


The STC Series Burgess Snubber 
is standard for exhaust systems of 
internal combustion engines, blow- 
ers, and vacuum pumps which dis- 
charge to atmosphere. The construc- 
tion of the STC Series Snubber is 
based on the most advanced knowl- 
edge of hydrokinematics of exhaust 
systems. 

The Burgess principle of silencing 
is based on the theory of “snubbing” 
the slug of exhaust gaS--- hence the 
name, Snubber. The slug of fast- 
moving exhaust gas passes through 
successive snubbing chambers 
where the kinetic energy of the ex- 
haust gas is dissipated so that it 


ted, since the blow- 


oil bath air filter 
h to splash oil out 


oved the condition 


Burgess manom 


eter tests showed that the pressure 
fluctuations were having no serious effect on engine 
scavenging, because the air intake manifold pressure 
was constantly well above atmospheric pressure. The 
pulsations, therefore, must be the result of a scavenging 
condition reflected 

At the conclusio 
suggested the insta 
inate the air intake noise and reduce the pulsations in 
the air intake system. 

The Burgess manometer, which records instantaneous 
pressure fluctuations and provides readings at any point 
during the engine cycle, has solved many similar air 


back through the air intake system. 


n of the tests, the Burgess engineer 
llation of a Burgess Snubber to elim- 


intake and exhaust problems on Diesel engines. 


* * * 


reaches the atmosphere in a quiet, 
steady flow. With the Burgess Ex- 
haust Snubber, there is no need to 
tune the exhaust system to over- 
come bad exhaust effects. 

There is no “second best” Burgess 
Snubber line, The combination of 
fine engineering talent and high 
quality materials can result in only 
one design and one manufacturing 
standard. The Burgess STC Series 
Exhaust Snubbers are constructed 
of heavy gauge steel and welded 
throughout to combine strength and 
lightweight. A typically important 
Burgess construction detail is the 
mechanically rigid dome-head con- 
struction .- + scientifically correct 
for the ideal Snubber. 

Diesel engine men can do well to 
investigate the Burgess Snubber 
line. Burgess engineers will be glad 
to recommend the correct exhaust 
Snubber for any engine application. 


EW BOOKLET TELLS 
A STORY OF SOUND 


Diesel engi- 
neers and oper- 
ators of Diesel 
engines will be 
interested in 
reading the 
new 36-pagé 
Burgess - Man- 

ning booklet, “A Story of Sound,” 
just released for distribution. 

“A Story of Sound” discusses such 
subjects as: What is sound? What 
are sound waves? Why are sound 
waves different? How can we meas- 
ure sound? What is a sound level? 
What is a decibel? What does an 
acoustic engineer do? 

“A Story of Sound” is valuable to 
the Diesel engineer for a better 
understanding of noise problems. 
Copies are now available upon re 
quest. 


Published by BURG ESS-MANNING COMPANY Chicago, Illinois 


COPYRIGHT 1945—BURGESS- MANNING COMPANY 
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View of one Cell Room 


§ pre of the modern facilities with 


which Niagara Alkali Company is main- 


taining a constant flow of electro-chemical 
products for use in war production is the 
array of liquid chlorine cells illustrated here. 
Such up-to-the-minute equipment plus the 
efficient methods of control over quality 


established by Niagara's pioneering chem- 


EAST 42nd 


STREET, 


oo 
Pe 


at Niagara }'1 


ant as interpre‘ed by the artist, Vernon Howe bailey 


ists are responsible to a great extent for 
Niagara's reputation as a quality producer in 
this field of chemical manufacture. Niagara's 
products are the result of thirty-six years of 
specialization and their reliability repre- 
sents the untiring efforts of an experienced 
staff devoted to quality production. Look to 
Niagara for reliable chemical service. 


NEW YORK 17, N. 
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ENGINEERS 
SUPERINTENDENTS 
OPERATORS 






Just off the press, this entirely rewritten edition of our popular bulletin “‘Measure- i 
ment, Control and Chemical Treatment of Sewage and Sludge” has been prepared 
for engineers and others engaged on sewage treatment problems for both large 
and small communities. It contains many pages of interesting and valuable infor- 


mation ... fully illustrated . . . describes new types of indicating, recording and 


ills asin ea 


integrating flow instruments devised by Builders engineers for connection to such 
primary units as Venturi Tubes, Orifices, Kennison Nozzles, Parshall Flumes and 
Conveyor Scales. Useful reference diagrams are also included. Write today for ‘ 
your copy of Bulletin 287A. Address Builders-Providence, Inc. (Division of Build- 4 
ers Iron Foundry), 10 Codding St., Providence 1, R. I. 


BUILDERS-PROVIDENCE 
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CARTER S4%u 


CENTRIFUGAL 








A 
Save Man Hours . 
4 MM TI 
ave Money in 
H 
@ Whether it’s war or peace, repairing obsolete pumping equipment means dissipating be 
costly man hours. That's money doubly spent when you realize a new unit will deliver more te 
gallonage and give you 100% water insurance with practically no attention. gé 
For sealing the pumped liquid Now's the time. “to get set” for those plant improve- . 

at the rotating shaft, CARTER ments you've been thinking about. Whether it's a new 
provides a stuffing box or seal installation or a replacement, you'll want the most TI 


ring type of seal as illustrated. 
Both methods are easily main- 
tained, effective and trouble 


free. 











Pump design is such that suc- 
tion connections can be set to 
either of the two positions il- 
lustrated at right. Modifica- 
tions of this design are avail- 
able to suit your particular 


job requirement. 


Built-in suction check elimi- 





nates necessity of check or 
foot valve in suction line. In- 


stalled between suction mani- 








economical from both the initial and maintenance cost 
angles. That's where the dependable CARTER unit will 
prove its merit. That’s why thousands of CARTER centrif- 
ugal pumps are being used by our armed forces 
throughout the world. 

At home these same pumps cut their eye teeth years 
ago in the construction field and became nationally 
famous under the CARTER “Humdinger” trade name. 
There they proved they could “take it’. There they 
proved that low initial and maintenance costs plus 
dependability . . . saved man hours and saved money. 


© Write for Bulletin $310. 
UFACTURES | 


ow MIXERS 
se CLARIFIERS 








fold and suction fitting, it is FLOCERS oF UDGE MIXERS 

guaranteed to hold vacuum PADDLE AERA ARY DISTRIBUTORS 

between pumping operations. DIGEST ERS ® ROT '§ PUMPS A 

One of many CARTER features. CONTRA cTOR " 
it 
a 


RALPH B.CARTER COMPANY 


Main Office: HACKENSACK, N. J. New York Office: 53 PARK PL., NEW YORK 7, N.Y. ° 
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HYDRO-TITE 


A DEPENDABLE SELF-CAULKING 
JOINT COMPOUND 


Rocco is “pouring for keeps". That HYDRO- 
TITE joint is a permanent seal for your pipe 
line. Thousands of users have stuck to 
HYDRO.-TITE for over a quarter of a century 
because they know that a pipe line is no bet- 
ter than its joints—and the can't afford to 
gamble. You can be sure with HYDRO- 
TITE. 





The Team That Insures Water-Tight 
Bacteria-Free Joints 








FIBREX 


A modern, scientifically developed idea that 
resulted in a better product than jute. Use 
it as you would jute; a 60 lb. reel goes almost 
as far as 100 Ibs. of jute. Sample on request. 


HYDRAULIC DEVELOPMENT 
CORPORATION 


Main Sales Office: 50 CHURCH ST., New York, N. Y. 
Works: WEST MEDFORD STATION, Boston, Mass. 
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ere to look for 


Teonberfece metering 


@ @ @ Simplicity of basic design is a characteristic of 
Amenican meters in both displacement metering of sewage 
gas and orifice measurement of gases and liquids. 

In orifice metering, whether by indicating, recording or 
integrating instruments, you will find fewer moving parts to 





wear and get out of adjustment, and every provision for easier 
inspection. These meters are serving in not only the’ sewage 
field and the most modern process industries plants in the 
country, but in the remote parts of the world where ruggedness 
and ease of maintenance are of even weightier consequence. 

In the field of displacement metering of sewage gas, the 
Amenican Ironcase Meter with its rugged one-piece body 
eliminating gaskets and internal leaks, its full-bellows dia- 
phragm and other features, is giving long years of uninter- 





rupted service. 
For consistent trouble-free metering, look to Amenican 
simplicity of design. 
INCORPORATES CESTARLISHED 1836) 


Descriptive catalogs are available on request. 
METRIC METAL WORKS «+ ERIE, P 
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"| NEW> COMPACT: HEAY 
CLIMAX BLUESTREAK 


330 h.p. at 1200 r.p.m. 









Climax Built-in Esctras 
AT NO EXTRA COST! 





Hi-Power Blue Streak Combus- 
tion (exclusive). 


Hi-Efficiency Dual Carburetion. 





pLus Staying Power—the ability 
to keep on dbing the job. 





ERE IS BRUTE POWER—in small 

space—to operate heavy duty mo- 
bile or stationary equipment used in oil 
fields, construction, marine and indus- 
trial operations—to power deep-drilling 
rigs, locomotives, cranes, shovels, boats, 
generators, air compressors, water and 
sewage pumps, blowers, etc. 

This Climax valve-in-head BlueStreak 
V8 (8 cylinder, 4 cycle, 7” bore, 60°) 
Engine is a sturdy, instant-starting, fast- 
accelerating, smooth-running, flexibl 
prime mover that operates on gasoline, 
butane, by-product ,or natural gas. It 
runs at slow, minimum-wear speeds, at 
low, safe temperatures in all climates 
on very little water. 

This new V8 promises to sustain Cli- 
max Engine records of 7, 9, 10 years’ 
trouble-free service—as much as 60,000 
hours of continuous operation with no 
shutdown for repairs. 

For complete operation and specifica- 
tion bulletin, write Climax Engineering 
Company, Clinton, Iowa. 

CLIMAX ENGINEERING*COMPANY 


General Offices: CLINTON, IOWA 
Regtonal Offices: CHICAGO, DALLAS, FT. WORTH, TULSA 












now available, 
belt connected or built-in, 
according to engine size, on 
all Climax Blue Streak En- 
gines. Choice of air start or 
gasoline starting optional. 










GINE 





* 60” HIGH 
* 72” LONG 
* 51/2" WIDE 
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Pumping Capacities of Four of 
the More than 50 Models of 
GORMAN-RUPP Pumps 


CAPACITY IN GALS. PER HOUR 
with pump 15 ft. above water 
TOTAL MIDGET EAGLE 40-M 90-M 
HEAD (69 (120 (1080 (1600 

Ibs tbs.) Ibs.) Ibs.) 


3360 11220 


HOUR 


31280 10200 


noo too AND YOU CAN CARRY IT IN ONE HAN 


2160 6300 

1800 =. 2700 Pick it up and run it out to any pumping job in a hum, 
Start the motor and you start the water -- its fully automat 
self-priming. Muck, sand, weeds, solids won't clog or ham 
it. At average heads it will handle 3,000 gallons per how, 


and it will do it a lot of hours without any attention. Thats 





the Gorman-Rupp Midget -- the toughest little pump yu 
ever saw. Anyone can operate it. There are no valves a 
priming by-passes or other tricks to learn. It’s the simples 
pump of its kind. The insides are unobstructed and stream 
lined for high efficiency and non-clogging operation. Here is 
streamlining where it counts! All this pumping punch comes 
in only a 60-pound package, complete. It will deliver ove 
six times its own weight of water per minute. Have one @ 
more Gorman-Rupp Midgets ready for any job that ma 


COMPANY 


THE GORMAN-RUPP 
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Yeomans new “’Streamline’’ Sludge collector 
for rectangular settling tanks is in operation 
at Gulf Shores. This unit is 20 feet long by 
8 feet wide with 7 foot side water depth and 
is functioning in the primary settling tank. 


1423 NORTH DAYTON STREET 
CHICAGO 22, ILLINOIS 


: . 
i: 4 





AN ALL-YEOMANS 
PLANT 


AERIFIER— No. 50 “’SPIRAL- 
FLO’ AERATOR — combines 
aeration and final settling 
in one concrete tank. 


SLUDGE COLLECTOR — new 
Yeomans “Streamline” de- 
sign; 20 ft. long, 8 ft. wide, 
7 ft. water depth. 


SLUDGE PUMP— YEOMANS 
No. B1100—40 g.p. m. to 
15 ft. T. D. H. 


SEWAGE PUMPS AT LIFT 
STATION—two Yeomans 
No. 4M3, 100 g.p.m. to 48 
ft. T. D. H. 











“Aerifier’’ in operation is viewed from 
above. The “Spiralflo”’ aeration cone 
sets up a spiral movement that pene- 
trates throughout the entire tank. 
Note the loading funnel which loads 
the mixed liquor for transfer to the 
corner settling compartments. The lat- 
ter can be seen in the lower left and 
right corners and their quiescent 
condition assures thorough settling. 





good nesutts 
AT GULF SHORES, FLORIDA, 


Aerifier” TREATMENT PLANT 


INITIAL OPERATION TEST OF THIS ALL- 
YEOMANS PACKAGE PLANT MAKES NEWS— 


FIVE-DAY B. 0. D. 97% REMOVAL 
SUSPENDED SOLIDS 98% REMOVAL 


UNDIVIDED RESPONSIBILITY 


Pronounced “exceptional” and easily exceed- 
ing the Yeomans guarantee, this all-Yeomans 
installation serves a community housing shipyard 
workers from nearby Panama City. 

Heart of the plant is the Yeomans “Aerifier” 
unit with the Spiralflo aerator, long since dis- 
tinguished for extraordinary efficiency in the 
aeration of sewage—and at low power cost. 
The “Aerifier’’ combines the processes of aera- 
tion and final clarification in one concrete tank. 

There are no flies, no odors at this plant, and 
the all-concrete tank construction means there 
will be no scraping or painting of steel tanks 
and baffles to prevent rust and collapse. Nor 
is a waste sludge hopper required. 

Bulletin 6650 gives a complete description 
of the “Aerifier."’ Send the coupon for com- 
plete information. 

Consulting engineers retained by owner for sewerage 
facilities and sewage treatment plant—Smith and 


Gillespie, Jacksonville, Florida. Contractor— Paul 
Smith Construction Company, Tallahassee, Florida. 


Please send Bulletin 6650 describing Yeomans Aerifier. 





Name 
Address 
Company 
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IN ENGINE 


ANOTHER FIRST 


DEVELOPMENT 








THE COOPER-BES 
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SUPERCHARGED GAS E 














For years engineers have sought to develop a 
practical means of supercharging engines operating 
on gaseous fuel. This has now been accomplished 
with complete, unqualified success by Cooper- 
Bessemer, permitting a 40 to 50 per cent increase 
in horsepower with no appreciable increase in 


engine weight or space. 


The supercharging is made possible and wholly 
practical by a simple, patented method of timing 
the admission of gas, permitting complete scaveng- 


ing under pressure, without fuel loss. 





Obviously, this revolutionary development, par- 
ticularly when combined with Cooper-Bessemer’s 
recently announced gas diesel, offers remarkable 
advantages and economies in the sewage and water 
works field. The cost per horsepower of housing 
and maintenance is greatly reduced, to say nothing 
of doing far more work with a given amount of 


gaseous fuel. 


The nearest Cooper-Bessemer office will gladly 





furnish any additional information you might re- 
quire on the application of this development to 


your present or future power needs. 


THE COOPER-BESSEMER CORPORATION 


Mount Vernon, Ohio Grove City, Pa. 








New York Washington Houston Dallas Shreveport Los Angeles 
Tulsa St. Louis Seattle | Calmes Engineering Co., New Orleans 








>) BUILDERS OF FINE ENGINES: 
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~ SANIT 





Sanitation HTH is 
available in cases of 
nine 5-lb. cans and 
in 100-lb. drums. 






“Hypo-Chlorination of Water” is a complete to those whose copies have “disappeared”. 
reference manual on the use of high-test cal- Send us a postal card—we’ll mail your copy. 
cium hypochlorite in the modern practice of 
safeguarding water supplies. Written in sim- 
ple, non-technical language, it covers all 
phases of standard sanitation practice includ- 
ing instructions for emergency use; tables 
and charts showing quantities of Sanitation 
HTH required for many specific needs; algae 
and alkalinity control. Fully illustrated. Many aa 
schools have requested copies for student use 

in courses in water treatment. 


Though more than 25,000 copies—in five edi- THE MATHIESON ALKALI WORKS (INC.) 





P.S. Checked your stocks of Sanitation 
HTH recently? Remember—in an emergency 
you'll be glad to have an ample supply on hand. 






tions—have been distributed to those inter- 60 East 42nd Street, New York 17, N. Y. 
ested in modern water and sewage treatment, Sanitation HTH... liquid Chlorine... PH-Plus...Fused Alkali... Caustic 
. . sas f Soda... Soda Ash... Bicarbonate of Soda... Chlorine Dioxide 
Mathieson again offers the latest edition, free ona apse ml a ee EN ae Fe ea 
‘ of charge, to newcomers in the profession and Salt Cake... Sodium Chlorite Products... Sodium Methylate 
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LUDLOW DOUBLE DISC 
GATE VALVES 


The parallel seat, double wedge type slide 
gate valve, developed and perfected by 
Ludlow, provides a number of essential 
benefits. For instance: 


® Smooth, Positive Operation. Gates 
positioned directly opposite ports 
before wedging, and entirely un- 
wedged before being raised. 

e Positive Closure—even after years 
of service in the open position; 
flexible-action gates self-adjusting 
to seats. 


e Self-Cleaning. Rings cleaned 


throughout entire stroke. No in- 
ternal guides to cause foul-up. 
e Ready Replacement of Parts. Simple 
construction with ample tolerances. 
ready 


permitting replacement of 


parts. 


Outside Screw 
Yoke Type 
















LUDLOW FIRE HYDRANTS 


Distinctive List 90. Design now serv- 
ing in thousands of cities and towns. 
No Ludlow Fire Hydrant has ever 
failed in line of duty! Employs famous 
Slide Gate Feature and offers the fol- 
lowing advantages: 


@ Quick Water with least possible 
shock. Proper shut-off without water 
hammer. 


e Proper Drainage. Hydrant automati- 
cally drained at Jowest point when 
closed. 


@ No Flooding. Accidental breaking of 
the hydrant, such as might result by 
collision from a heavy truck, will 
not cause flood since the gate when 
closed is wedge-locked. 

e Easy Inspection and Servicing with- 
out unscrewing anything below the 
ground level. All working parts re- 
moved as one unit by lifting stem 
through top of hydrant. 
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fewer replacements. 

















LupDLow EQUIPMENT 


Proved by the Past—it for the Future 


In the last analysis, the best indication of future sery. 
ice in water works equipment is its past record, 
Through the years — changing systems, higher pres, 
sures, lower budgets, wartime emergency— Ludlow 
Valves, Gates and Hydrants have served effici 

and faithfully. You may continue to rely on them fg 
constant service, low upkeep, resistance to wear ang 
You may rely, too, on Ludlow 


engineers to consider your problems their own, 
making honest recommendations and giving accurate 
estimates. 


Write today for full information 


Iron body, bronze mounted— 
tested at 350 lbs. hydrostatic 
pressure. List 44—sizes 2” to 
12”—200 lbs. working pres- 
sure. List 66—sizes 14” to 48” 
—150 lbs. working pressure. 


> 
Iron body, bronze mounted 
—complying with latest 
A. W. W. A. Specifications. 
Tested at 300 lbs. hydrostatic 
pressure. Sizes 2” to 48”. 


and 


working pressures. 





Hydraulic Cylinder, 


A.W.W.A,. Double Disc Gate 
Valve 
<_ 


Iron body, bronze mounted 
—low pressure valves. List 
3 Valves made in sizes 2” 
to 48” and can be furnished 
with Hub. Flanged. Uni- 
versal, Spigot, and Screwed 
Ends. 


Valve shown with Hub Ends 
and without gearing. Also 
available with gearing or out 
side screw and yoke—and 
flanged ends. 


iron body, bronze mounted— 
manufactured in all sizes for any desired test or 
Can be operated by four-way 
cocks or remotely controlled by solenoid valves. 


Flanged End Standard Gate Valve with Cast Iron Bronze 
Lined Hydraulic Cylinder 





‘LUCGEOW 


VALV 


MFG-CO-INC: 


TROY: N°Y: 
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“Producing Clear, Soft, Iron-Free , 
Water for Many Municipalities —_ i 


- 


When it’s reconversion time, there will be new materials, methods 
and ideas to be developed and perfected and molded into useful 
equipment... equipment which eventually will find application 
in important beneficial Public Works improvements. 


In the water conditioning field, however, there is no need to 
wait for this ‘‘miracle’’ equipment to materialize because 


ACCELATORS had already gone through the developing and 
trying-out stage before the war. There’s a string of municipal Acce- 
lator installations across the country now. 


ACCELATORS are doing a lot of different things for a lot 
of different kinds of water...clarifying...softening...stabilizing 
. . removing color . . . taking out iron. 


Results are always excellent . . . frequently remarkable. 


You can’t beat ACCELATORS for Performance and 
Economy. Would you like Bulletin 1824? 





INFILCO 


omen oe ee 


325 W. 25th PLACE, CHICAGO 16, ILL. 
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ZECO and HI-ZECO Greensand Zeolite for 
water softening, filtration and iron removal. 
ZECO Manganese Zeolite for iron and 
manganese removal. COREXITE mineral 
for corrosion control and water stabilization. 


ZEOLITE CHEMICAL CO. 


Sales Office * Factory 
140 Cedar St., New York, N. Y. Medford, N. J. 
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LEUPOLD & STEVENS INSTRUMENTS 
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Nearly forty years ago a man decided to make 
very fine mechanical measuring instruments. 

His name was Fred Leupold. He began business 
the hard way. Limited capital, limited market. 
He had two vital assets— an extraordinary 

sense of perfection in things mechanical, and 


a fixed resolve to make only the best. 


That was in 1907 in Portland, Oregon. 

Fred Leupold and his first partner, Adam Volpel, 
have passed on. They did their work well, for 
their products are used around the world ... 
Out of four decades of specialization in their 
exact art has come a line of measuring instruments 


that engineers respect and cherish. 


Three times in these forty years the firm has 
had to move to larger quarters. Still further 
expansion in plant facilities and equipment is 
inevitable. For the firm— now known as Leupold 
& Stevens Instruments—is hip-deep in the 
manufacture of instruments for the armed 
services, for civil engineers, and in the develop- 
ment of advanced instruments to meet the 


demands of peace. 


Leupold & Stevens Instruments will not be 
unknown to you, but the extent of the line will 
perhaps be newsworthy and of value in your work. 
Write for Bulletin No. 23 in which illustrations 
and descriptions are given of instruments — 
surveying, hydrographic, navigation. Your 
bulletin will come by return mail with our 


compliments. 


LEUPOLD & STEVENS INSTRUMENTS 


MANUFACTURERS SINCE 1907 
PORTLAND 13, OREGON 


Hydrographic, Surveying, Navigation, 
Automatic Controls 


at at ak ae [= a et ae ee oe 

. Leupold & Stevens Instruments 

m 4445 N. E. Glisan Street, Portland 13, Oregon 

4 Please send Bulletin No. 23 illustrating and describing your 
instruments. 
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UNDIVIDED RESPONSIBILITY 


THE PROBLEM 


When considering the installation of new equipment for 
your water works or sewage plants you are concerned 
with the ultimate operation of the plant as a unit, and there- 
fore should consider the value of having the various pieces 
of equipment installed by a single contractor fully experi- 
enced in the problems of installation, operation and serv- 


icing of each piece of apparatus. 


THE SOLUTION 


Our 37 years of experience as equipment contractors in 
the water works and sewage field qualify us to undertake 
the installation, placing in operation and servicing of all 
of the mechanical and electrical equipment for your plant, 
including interconnecting piping and wiring and all auxili- 
ary items such as meters, instruments, etc., and to assume 
the full and undivided responsibility for operation of all 


component pieces of apparatus as a unit. 


TURBINE EQUIPMENT COMPANY 


75 WEST STREET NEW YORK 6, N. Y. 





DE LAVAL STEAM TURBINE CO. 
DE LAVAL SEPARATOR CO. 


REPRESENTING AND SERVICING 


COCHRANE CORP. 
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PEERLESS PUMP CO. 
YEOMANS BROS. CO. 








WHEN LIFE HANGS 
BY A THREAD! 


Remove the nozzle-cap . . . couple-up the 
hose . . . turn the operating-nut. Lives 
hang by a thread in all these operations. 
And in Mathews hydrants, the 
threads, whether standard or spe- 
cially made for your needs, are de- 
signed and manufactured for 
dependability. For more than seventy 
years, every feature of the Mathews 
design, from operating-nut shield at top 
to bronze elbow-bushing at bottom, has 
been consistently developed and im- 
proved. Today, more than 400,000 
Mathews hydrants in all climates and 
countries testify to the reliability of the 
design, the correctness of the manufac- 
ture. For long life, low maintenance, and 
for quick, sure operation when lives 
depend upon it, specify Mathews for 
your community. 
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NOW pipes as small as 30 inch 


Here's good news! If the diameter of 
your pipeline is 30” or more . . . what- 
ever its length . . . wherever situated 
—Centriline men and equipment can 
quickly reach and recondition it. 
The Centriline process is a rapid 
and economical method of recondi- 
tioning pipelines. It consists of clean- 
ing the main and applying by cen- 


trifugal force, a dense cement mortar 


30” Lining Machine leaving a pipe- 
line that has just been Centrilined 


a, eee ae 


we ; 


eee reconditioned by Centriline 


lining of required thickness, mechan- 


ically troweled to a smooth finish. 
This new coating will permanently 
resist the invasion of tuberculation 
and corrosion—and will restore and 
maintain a high carrying capacity. 
Don’t wait until it’s too late... 
let Centriline clean and re-line your 
pipelines now. In that way you'll safe- 


guard your initial investment. 


CENTRILINE CORPORATION 


148 CEDAR STREET, NEW YORK 6, NEW YORK 


The sleek new lining of a pipe 
that has been Centrilined 


Restores and Protects Pipe-Line Carrying Capacity 


WATER WorkKS & SEWERAGE, JUNE, 1945 











In municipal service, Le Roi engines have won the praise of 
ho are responsible for the unfailing operation of theit 
equipment. One of the underlying reasons for the thoroughly 
tion of Le Roi engines is the fact that they 
ely on the 


men W 


dependable opera 
are built by 4 manufacturer concentrating exclusiv 
f the heavy-duty field. Le Roi engines have the 
of continuous 


ave the quality 


problems © 
weight and s 

operation without costly 
features that give you more for your mon 
machining that gives you smooth operation — Fe 
that carries yOu over the heavy loads. 


When you specify “Le Roi” engines, your recommendation 
is backed by many years of experience in the specialized power 


requirements of your particular field. 


Write for Complete Information. 


This 12-cylinder, 400 HP. 
Model RXISV Le Roi engine 
operates three large Pomona 
pumps in the San Jacinto 
W ater Pumping Station at 
Sheldon, Texas. 





TuRN THE PAGE 





Aes, pane 
A Model 105 Le Roi Compressor supplies y, 
in-a-hurry” to break pavement on this a. 
driveway job in Milwaukee, Wisconsin, 













; 
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— LEROI portable Air Compressors © 
help you beat ‘completion’ dates. . 


PPRRM. 











SIMPLEX VENTURI TUBES 
the ULTIMATE IN Yet € Wicteme4 


For a given flow of water, the Simplex 
Venturi and its Simplex Meter will meas- 
ure with the least loss of energy, and the 


unit is homologous in type and form; 
the tube throat is bronze-lined with 


extremely accurate piezometer taps; 


greatest accuracy over the widest range 
of flow! 

The high constant efficiency with 
which the Simplex Venturi utilizes the 


the pressure belt type design is essen- 
tial to high and unvarying accuracy. 





The venturi tube is accepted as be- 
ing the most efficient of primary de- 
vices. . . . Installations as part of pipes 


and conduits of cast material and of 


differential head which it creates, has 
been proved by over 40 years of re- 
search and manufacture. 





fabricated structure, have proved the 


This highly-engineered. primary de- 
Simplex Venturi to be unsurpassed in 


vice assures minimum head loss and 


normal, dependable coefficients. The installed operating efficiency! 


THE MO METER COMPLETES THE PICTURE 


liquids ni many municipal and indus- 
trial plants. The MO Meter is of such 
high accuracy that it may be util- 
ized for testing the accuracy of other 
metering equip- 
ment. Write 
for Bulletin 
300 — *‘The 
Simplex MO 


Meter.” 


The “MO” is the “Master” Meter that 
converts the differential head created 
by the Simplex Venturi into rates of 
flow and indicates, records, and total- 
izes that flow with the maximum 
overall accuracy. This combination 
of Simplex primary device and MO 
Meter provides a standard of operat- 
ing efficiency for the flow measure- 
ment of water, sewage and process 


SIMPLEX VALVE & METER CO. 


6743 UPLAND STREET, PHILADELPHIA 42, PENNA. 


Vek 
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SMITH VALVES ww H 








for Maintenance NEEDED NOW! — 


Recognizing the necessity for ade- 
quate maintenance of the nation’s 
water supply systems, the W.P.B. 
has, since the beginning of the war, 
authorized the production of certain 
needed water works materials, in- 
cluding valves, hydrants and mainte- 
nance equipment. Thanks to this far- 
sighted policy, the A. P. Smith Manu- 
facturing Company is now in a posi- 
tion to offer prompt shipment of: 


FIRE HYDRANTS 
GATE VALVES 
TAPPING SLEEVES and VALVES 


And other Smith water works 
equipment 


There’s no reason to let your sys- 
tem run down or to deny adequate 
service and protection to the commu- 
nities you serve. Do your needed 
maintenance work now and take ad- 
vantage of the availability of Smith 
products. 


FIRE HYDRANTS 


GATE VALVES 


HECK VALVES 
NSERTING VALVES 7 + 
ALVES 


P SLEEVES AND 


SM 


mad 


ITH MFG. CO. 


WATER SERVICE BRASS GOODS EAST ORANGE, N fa NEW JERSEY 


WATER WorKS & SEWERAGE, JUNE, 1945 


aka: 









NSERTING 











“ten Joly © 


omes home to stay..++ 


GIVE HIM PLENTY 


oF lh JOBS *° > 


RIGHT NOW, on the home front, it’s up to 
city officials and leading engineers to do their 
part in planning new municipal water mains 

, and other public works projects. It’s one way 
to have steady employment ready for local 
men when their present job is finished. 

By specifying Lock Joint Reinforced Con- 
crete Pressure Pipe for water supply lines, 
sewerage and drainage, you can fulfill your 
promise to your own réturning men. For, the 
Lock Joint Pipe Company is prepared to come 
to your town, set up a temporary plant and 
employ 90% of local labor. As most of the 
supplies and materials will be purchaséd lo- 
cally, there will be a direct benefit to your town 
merchants. As a result, a large proportion of 
the cost of the project will be spent right in 
your own community. 

For more than three decades Lock Joint 
Pipe has played a vital part in the majority 
of large diameter water pipe contracts in the 
United States. When Victory comes, we stand 

ready to help you give your 

engineers, mechanics, carpen- 

ters, laborers and other skilled 

workers the jobs they will need. 

| Whether your project is 

large or small, for the present or the future, 
your "phone call, telegram, cable or letter to 
any of our offices will bring a prompt reply. 


LOCK JOINT PIPE COMPANY 


Established 1905 
AMPERE, NEW JERSEY 
Denver, Colo. + Chicago, lil. - Kenilworth, N.J. + Kansos City, Mo. + Rock Island, Ill. 
Joplin, Mo. + Valley Park, Mo. + Cleveland, Ohio - Hartford, Conn. + Navarre, Ohio 
Loek Joint Pipe Company spectalizes in the manufacture and 
SCOPE OF installation of Reinforced Concrete Pressure Pipe for Water 
SERVICES Supply Mains as well az Concrete Pipe of all types for Sani- 
tary Sewers, Storm Drains, Culverts and Subaqueous lines. 
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MONO-CAST CENTRIFUGAL PIPE 


with Joints for Every Service Condition 


Corrosion-resisting Mono. 

Cast Centrifugal Pipe can 

be supplied with joints for 

conveying gas, oil, water and 

other liquids under every 

service condition. In most 

cases, these joints can be 

made up with unskilled labor 

and without special tools, 

Among the joints available 
are: 


¢ Standard Bell-and-Spigot 
* Doublex Simplex 

* Roll-on-Rubber Ring 

¢ Screw Gland 

¢ Molox Ball-and-Socket 


Mono-Cast Centrifugal 
Pipe is also supplied with 
either cement or Enameline 
lining (prevents tubercula- 
tion) and with armored coat- 
ing for use in vicious soil 
conditions. State the con- 
ditions under which the pipe 
is to be used and we wil 
gladiy make recommende- 
tions. 


AMERICAN 
Cast IRON PIPE 
COMPANY 


BIRMINGHAM 2, 
ALABAMA 


CHICAGO NEW YORK CLEVELAND 

DALLAS PITTSBURGH HOUSTON 

EL PASO KANSAS CITY LOS ANGELES 

36-inch sanitary sewer line with Doublex Simplex Joints at Corpus Christi, Texas, MINNEAPOLIS SAN FRANCISCO 
before backfilling. 
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No product is better than its most vulnerable part. In 
the case of valves, the stems are generally the first to fail 
because of corrosion or wear. Why should a superbly 
designed product suffer because of inferior materials? 

Alert designers and engineers are preventing premature 
failures by changing their metal specifications—selecting 
Duronze to replace less dependable metals. Some metals 
still in use have been made obsolete because of the new 
and better engineering alloys resulting from Bridgeport’s 
research and development program. 

Bridgeport’s Duronze III is a modern engineering 
alloy of exceptional merit. It is a silicon aluminum bronze 
which has a tensile strength of about 90,000 pounds per 
square inch in its annealed condition; is 9% lighter in 
weight than brass; possesses a low coefficient of friction; 
resists wear and stress corrosion cracking. It withstands 
corrosion better than most metals and naturally it does 
not dezincify. It machines from 50% to 70% as fast 
as free cutting brass rod. It is ideal for screw machine 
items such as valve bushings and seats, pump parts, bolts 
and nuts, oil burner nozzles, wire and cable connectors, 
marine hardware and many others. 

In water works and sewerage plants where equipment 
must withstand treated water, acids, corrosive liquids 
and gases, parts made from Duronze outlast ordinary 
materials. Write for 80-page Duronze Manual containing 
suggested applications and latest specifications. 


BRIDGEPORT BRASS COMPANY 


“aay ee 2, See 
7) 
LMunonge Maya noose OF 
4 





























BRIDGEPORT BRASS 
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‘Ten REQUIREMENTS 
FOR UNDERGROUND MAINS ° 
under normal conditions 





Long Life: In evaluating bids, the useful life of cast iron pipe is figured at 
100 ‘years minimum. 

Carrying Capacity: The carrying capacity of standard tar-coated cast 
iron pipe remains practically unimpaired for centuries. For the certain areas 


where tyberculating water is encountered, cement-lined cast iron pipe is 
available. Under such conditions, no other material offers the combined 


long life and sustained carrying capacity of cement-lined cast iron pipe., 


Tight Joints: For ordinary pressures, cast iron bell-and-spigot pipe—for 
! high pressures, cast iron mechanical joint pipe—are known to be leak-proof. 


Tensile Strength: When tested under hydrostatic pressure to destruction, 
the ultimate tensile strength of cast iron pipe is a minimum of 11,000 p.s.i.' 
for pit cast pipe and a minimum of 18,000 p.s.i. for cast iron pipe made by 

other methods. : 
Beam Strength: Under beam stress tests, 10 ft. span, standard 6” cast 

iron pipe sustains a load of 15,000 pounds and bends approximately one 

inch before breaking. 

Toughness: Under hydrostatic pressure and the impact of a 50 Ib. hammer, 

standard 6” cast iron pipe does not crack until the hammer is dropped four 

feet. 

Internal Pressure: An average of many internal hydrostatic pressure’ 
tests on standard 6” cast iron pipe shows this pipe withstands more than 

2500 pounds pressure per square inch. 


External Load: In regulation ring compression tests, standard 6” cast 
iron pipe withstands a crushing weight of more than 14,000 Ibs. per foot. 


i Imperviousness: The walls of cast iron pipe are impervious to leakage, 
seepage, or sweating of water, gas or chemicals under internal pressure tests. 


° Tapping: Cast iron pipe can be tapped cleanly with strong, tough threads, 
losing little in structural strength. 






Other pipe materials meet some of these requirements 
but only cast iron pipe meets them all. 


’ 
aoe ee eee 


Whether a pipe material is able to fulfill these requirements is a matter 
of experience rather than prediction. A page of history is worth a 


volume of sales claims. History proves that cast iron pipe has been 


ZB & 

3 NOt. 
. iy ~~ , © . . 
ANG ro Sey meeting these ten requirements for generations. 


Cast Iron Pipe Research Association, Thomas F. Wolfe, Research Engineer, Peoples Gas Building, Chicago 3. 


CAST IRON PIPE 


SERVES FOR CENTURIES (= 
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Hexametaphosphate treatment 
has been used satisfactorily 


at ninety-two posts 


The Army wants its hot water hot — 
180°F. minimum is specified for wash- 
ing dishes. Heaters operating at the 
higher levels necessary to deliver water 
in the mess halls at this temperature 
naturally scaled up or corroded out at an 
extreme rate, 

Post engineers seeking an answer to 
their mounting difficulties back in 1941 
turned to Calgon* for help. Simple and 
straightforward treatment with a few 
pounds of Calgon kept heaters on the 
line continuously for many months in- 
stead of a few days, cut down losses of 
critical equipment at a time when every 
pound of metal was precious. 

Now the Army in a recent survey of 


*Calgon is the registered trade-mark of Calgon, 
Inc., for its glassy sodium phosphate products. 


HAGAN 
HALL 
BUROMIN 


CALGON A SUBSIDIARY OF 


aller, Miele) ice) stile) 


| x Report by the 


calgon, inc. 


Army — 

















its installations in this country, finds 92 
posts where Calgon is relied upon to do 
at least one of the three jobs it does so 
effectively: 


1. Prevent scale 
2. Prevent “red water” 
3. Control corrosian 


Calgon pioneered these developments. 
Today, in, war industry, as in Army 
camps, unadulterated Calgon made 
from food-grade phosphoric acid is 
doing an outstanding job in solving 


water problems, 





HAGAN BUILDING 
PITTSBURGH 30, PA. 
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1t RESISTS CORROSION 


ar 


Ow 
, Pressures high 


EASY HANDLING isan 


additional advantage of Transite 
Pipe. Its light weight means more 
footage carried per truck load, 
fewer men required for handling, 
lower transportation costs. And 
in the trench, the Simplex Cou- 
pling assures quick, easyassembly, 
even with inexperienced crews. 


For full details, write Johns- 
Manville, 22 East 40th Street, 
New York 16, N. Y. lee ility : _— 


proouwcts 


Johns-Manville TRANSI Te PIP : ¥ 


mom «= FOR EFFICIENT, ECONOMICAL WATER TRANSPORTATION — 
‘ alls nr tina te ncaa 
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Since their introduction in 1935, more than 
100 “ALOXITE” porous plate underdrain in- 
stallations have been made in 22 states and in 
a number of foreign countries. These are large 
and small, gravity and pressure, municipal and 
industrial, operating under all sorts of condi- 
tions and handling all kinds of water. Their 
record speaks for the soundness and simplicity 
of the idea. 


In service, “ALOXITE” ceramically bonded 
aluminum oxide plates carry the filter media 
directly, eliminating all graded gravel. Back 
wash is complete and uniform—often requir- 
ing less water than other systems. Filtering 


5A yee, Ys, 
at Fahey 


ght 
ove 


and backwash operating heads are reduced. 


The “ALOXITE” underdrain .system does 
not require new structures—it can be fitted 
into existing filters with the same benefits 
obtained from new units. 


Our technical staff will be glad to dis- 

cuss the advantages of the ‘“‘ALOXITE”’ 
porous underdrain system 
for your particular problem. 
Write The Carborundum 
Company, Refractories 
Division, Dept. W-4, Perth 
Amboy, N. J. 


““CARBORUNDUM” and “ALOXITE” are registered trade marks of, and indicate manufacture by, The Carborundum Company. 


Povws Froducls Fy CARBORUNDUM 
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x 
Illustration shows installation of cast iron flexible joint subaqueous 1. P: 
pipe line specified for the required service conditions. How to do it : . 
when you get the go-ahead is a problem we are always glad to help 9 
out on if it involves pipe design, or recommendations as to pipe and z : 
fittings which have successfully met similar 1A 
problems. To see that our product is correctly ~~ 
specified for the purpose intended is an im- 
portant function of our sales engineering and 
technical staffs. Forty-five years’ experience . & 
as largest producers of cast iron pipe is behind rele tsi theeyal 
them and always at your service. PIPE 
. PIPE & FOUNDRY CO. 
"Picon end Sed Sear C 
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L CHEMICAL ALUM" 
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WATER and SEWAGE / 


Today, aluminum sulfate is almost universally accepted by 
water experts as the best coagulant for the removal of 
turbidity, color and bacteria from water ...and General 
Chemical Aluminum Sulfate is the outstanding choice the 
nation over. The reason? Operating men have come to rely 
on its high quality and constant uniformity, knowing that 
the effectiveness of General Chemical Alum has been 





“proved in settling basins all over America’’ 

Municipal officials in charge of sewage disposal find 
that clarity and purity of sewage effluent are also easily 
obtainable with General Chemical Aluminum Sulfate be- 
cause of the many reasons noted below. Why not join the 
majority of American cities that prefer General Chemical 
Alum—and specify “General” for your requirements? 





* FOR WATER WORKS 


1. Produces crystal-clear water. 

2. Gives better floc formation resulting in longer filter runs. 

3. It is a low-cost coagulant. 

4. Has no chlorine demand, conserving chlorine exclusively for 
disinfection. 

5. Superior in tests against other coagulants. 

6. High in quality, its constant uniformity can be counted upon. 

7. Aids in the reduction of tastes and odors. 





BASIG CHEMICRS _ 


*% FOR SEWAGE PLANTS 


1. Clean, easy to handle, dry feeds well, and economical to use. 

2. Simple application, requires only low cost feeding apparatus - 
and minimum attention. 

3. Clear, colorless effluents are possible. 

4. Sludge digests readily. 

5. Treated digested sludge dries quickly, with a minimum of odor. 

6. Chlorine consumption is cut due to lower demand of clarified 
sewage. 


“Preferred by Most American Cities’ 


GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Sales and Technical Service Offices: Atlanta + Baltimore * Boston + Bridgeport (Conn.) 
Buffalo *« Charlotte (N.C.) * Chicago * Cleveland * Denver * Detroit * Houston 
Kansas City * Los Angeles * Minneapolis * New York + Philadelphia + Pittsburgh 
Providence (R. I.) * San Francisco * Seattle * St. Louis * Utica (N. Y.) * Wenatchee 
& Yakima (Wash.) 
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited - Montreal + Toronto + Vancouver 


FOR ARIERNCARS DISDUSTEN 
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The new Model HR Homelite Self-priming 
Pumps are now coming off our production 
line. 

However, only a few are being built... 
a limited quantity each month for essen- 
tial civilian use. Your priority rating is 
your “ration coupon.” 

True to Homelite standards, these gaso- 
line-engine-driven self-priming pumps are 
easily portable and extremely rugged. 
They have a large capacity . . . 28 foot 
suction lift ...keep seepage at strainer 


NOW you can get a NEW Homelite Portable Pump 


level . . . and are non-clogging, fool- 
proof and weatherproof. A new engine 
design gives increased power .. . with a 
reduction in weight. 

These new Homelite Pumps can be 
furnished with fittings for 2” or 3’ hose 
- . . and the two size fittings are 
interchangeable. 

Write today for complete information 
and prices on these new Model HR Home- 
lite Portable Pumps. Don’t forget to give 
us your priority rating. 


HOMELITE CORPORATION 


PORT CHESTER, NEW YORK 


GENERATORS © BLOWERS 


PORTABLE PUMPS * 
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n> €) + ae ied 
It’s simple...and convincing! 
@ Just coat a steel plate with the protective coat- 
ing you are now using. After the coating sets, 


strike it heavy blows with a hammer as shown in 
the illustration at the left. Note what happens! 


NO-OX-ID Won't Shatter 
If you are using NO-OX-ID, the original rust 
preventive, you will find a condition similar to 
that shown in the illustration ... the coating 
merely dimples when the hammer strikes it; it 
does not shatter or crack in the least. Metal 
beneath retains its protective film. 


NO-OX-ID Resists Abrasion 
Protective coatings must be elastic and pliable 
under a wide temperature range if their inhibitors 
are to be active and if the coating is to resist 
abrasion. NO-OX-ID has these essential charac- 
teristics and, in addition, is tough,. resilient, and 
non-oxidizing, retaining these properties indefi- 

nitely. This assures a tenacious bond. 


Use on New Installations or for Maintenance 
Apply NO-OX-ID to new tanks, pipes, valves, 
steel structures, and equipment, or use it in your 
regular reconditioning program. 


Educational Film shown to 
your group on request 


Educational motion picture, in color, 
showing the simple, effective methods 
and equipment for applying NO-OX-ID 
and NO-OX-IDized wrappers, is avail- 
able for showing to interested groups. Let 
us know the date you would like to have 
us show the picture in your community. 





r emical Company 
Dept. Y, 310 S. Michigan Ave., Chicago 4, Ill. 
New York e Los Angeles e Toronto 


The ORIGINAL RUST PREVENTIVE 
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a serious problem in stalled, giving complete satisfaction of wa 
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COMING! 


P ms of a Municipal Water Works 
Land Owner” 


inuation of an article of the same title 
ip ihe Coratured in this issue. It tells the in- 
I} ing story of a water works manager who also 
rigs fully manages 13,000 acres of lands and lakes 
suc ch Akron’s Water Bureau conducts commer- 
rofitable undertakings. In this issue he tells 
cial ey of almost a quarter century of reforesta- 
— in the next is presented his experiences in 
poo and the raising of fine Hereford cattle and 
reine sheep on a large scale. Also of lumbering, 
ry uction of maple syrup, of fish propagation, 
nd the regulation of fishing, hunting, trapping and 
*ecreation of Akron’s watersheds and lakes. Worthy 
{note are the suggestions of AW WA's vice-presi- 
jent, Jooking to land ownership and land manage- 
ment as an important consideration in water sup- 
ply practice of the future. The author is — 
w. A. LA DUE, Chief Engr. and Supt., 
Bureau of Water and Sewerage, Akron, Ohio. 
















“Operation of Activated Sludge Plants” 


Frequently tries the soul of the operator and the 
plant manager. As an aid and practical guide to 
activated sludge plant operators, this article has 
been develored by a highly observant contributor 
of long experience in dealing with the process and 
studying its behavior under a variety of conditions. 
We are happy to be able to reproduce this highly 
valuable operating guide which was developed as 
aleeture delivered to the recent Pennsylvania Short 
Course for Sewage Works Operators, and written 
for small as well as large plant operators, by— 

DR. GAIL P. EDWARDS, Chief Chemist, 
Dept. of Public Works, New York City. 













“Protection of Electrical Control Equipment 
and Idle Motors” 


Is an article which describes a novel method and 
uit for protecting control panels, etc., and idle 
motors against moisture and condensation which is 
responsible for corrosion of control panel wiring and 
ontact parts, or insulation failures in motors which 
are required to remain idle. The method and equip- 
ment is inexpensive and constitutes cheap insur- 
ance against electrical equipment depreciation and 
failures. It is being described at our request by— 

H. VANCE CRAWFORD, Engineer, 
General Electric Co., Schenectady, N. Y. 


“Deep Well Water Supplies” 


Is the subject of a series of articles dealing with 
this important phase of water supply. The first 
article in the series deals with the important con- 
sideration of developing the most effective specifica- 
tions, taking of bids, evaluation of bids, selection 
of the driller, nature of the contract and require- 
ments of the driller and developer of the well, meth- 
ods of payment, etc. The author, who has had 
onsiderable experience in developing deep well sup- 
plies for municipalities and industry is— 

FRANK E. HARLEY, 
Consulting Engineer, Fair Lawn, N. J. 




















“An Improved Design for Gate Valves” 


Constitutes an argument for gate valves of im- 
proved design, involving the use of non-corrodable 
metal inserts for the gate and the gate seat where 
corrosion has been responsible for poor valve opera- 
tion, failure to seat properly and valve freezing 
when closed. Based on Baltimore experiences an 
improved design for gate valves is suggested and 
ilustrated by detail drawings. The contributor is— 
GORDON C. O’BRIEN, Design Fner., 
Bureau of Water Supply, Baltimore, Md. 











‘Design of Control Flumes for Grit Chambers” 


megustitutes a simple aid for use with the Bushee 
Pee of designing velocity control elements in 
wecnambers as described in Water Works and 
F erage, Dec. 1941. The formulas employed in 
ne ay simple aid have been translated into 
s 2 . y > . € ; > =} siz , 
developed by of curves and a dimension sketch 
W. E. HOWLAND, Professor of C. E., 
Purdue Univ., Lafayette, Ind. 
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oa overflow pipe, often 
silent and unsuspected, 
has been found by experience 
to be one- of the largest wast- 
ers of water. Running steadily, 
at low rates of flow, its leak- 
age will not be registered on 
meters which are not. main- 


tained in good condition. If: ; 
the meter will mot operate on. 


1/44 of a gallon a minute, not 
an unusual leakage rate, over 
10,000 gallons per month will 
go unaccounted and un- 
charged for. 
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O: unaccounted-for water, possibly more can 
be attributed to under-registration of meters than 
to any other single cause. 


This may be easily understood from the results 
of a survey in a city where meters were not re- 
moved from service until they became inoperative. 
From a typical residential street, 40 meters were 
removed ... 36 of which would not even move 
on a flow of 1% gallon per minute. 


When you remember that 13% of all water pass- 
ing through 4” meters is used at about 4 gallon 
per minute, you can readily see the importance of 
having your repaired meters register at least 90% 
at that rate of flow. 


Your Trident representative will be glad to give 
you the benefit of his experience in connection 
with modern meter shop operation. 
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EVERAL hundreds of thousands 
Si years ago the State of Ohio, 

together with other North Central 
States, was overrun by the enormous 
ice sheets of the _ 
Ice or Glacial Era 
of the Pleistocene 
Period of the Ceno- 
wil Age of geo- 
logical time. Alter- 
nating from one 
ice age to the next, 
with the advancing 
and retreating of 
the ice sheets, 
nature carried out 
an incredible 
“face-lifting” per- 
formance on the 
pre-glacial landscape. It was as though 
an enormous ‘“‘bull-dozer” had leveled 
the hilltops into the valleys. When 
the vagaries of changing climate had 
melted the last glacier, that portion of 
northeastern Ohio, which later became 
Summit, Portage, Cuyahoga and 
Geauga Counties, emerged with a 
‘opography somewhat modern inappear- 
ance, except that it was a barren wild- 
éess with nothing living to protect 
itfrom the erosions of wind, rain, snow 
and the changing of the seasons. The 

tops were bare and the valleys were 
filled with glacial flour, sand, gravel, 
Y, boulders and just plain mud. 
-bearing measures, conglomerate, 
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shales and sandstones were exposed on 
the hillsides and on the valley slopes. 


Nature’s Conservation Program 


“Mother Nature” had to create a soil 
which would sustain plant life, and in 
this development a gigantic natural 
conservation program resulted. How 
this was done is a matter of theory, but 
it was done. Perhaps the first trees 
of wide dispersion were conifers—the 


pines, the tamaracks, and the hem- 
locks. The Mound Builder and the 
Indian in pre-historic time found a 


wonderful country covered with forests 
of oak, walnut, chestnut, maple, beech 
and white pine; meadows of heavy 
grass; rivers of clear, sparkling waters. 
Game was plentiful—deer, bear, buf- 
falo, wild turkey, elk and the predators. 
Fish filled the streams and the lakes— 
sturgeon, pike, muskellonge, bass and 
white fish. Truly it was the Indian’s 
“Happy Hunting Ground”. 

Into this area at the close of the 
18th and the beginning of the 19th 
centuries moved thousands of the sol- 
diers of the Revolutionary War, since 
northeastern Ohio was a part of the 
Connecticut Reserve. The _ pioneer 
lived off the land. The forest gave him 
timbers for his home and game for his 
larder. The soil gave him grain and 
his crops. The rivers and lakes gave 
him fish for food, water to drink and 
a means of transportation. Rapidly 
the white man took over. 
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Akron’s Water Supply 

In 1825, in the County of Summit, 
the City of Akron was incorporated. In 
seventy-five years it found itself a 
center of the cereal and reaper indus- 
tries and by 1910 it had attained a 
population of 69,000 and became, at the 
beginning of the automobile age, the 
founder of an allied industry—the new 
rubber industry. Water was a prob- 
lem, not particularly for industry, but 
because of domestic shortcomings. 
Small fish and “pollywogs” had been 
discovered in the drinking water; not 
once, but on numerous occasions 
throughout the city. The private hold- 
ing company, either through lack of 
funds, or desire, or both, failed to de- 
velop a satisfactory source of supply to 
meet ever increasing demands. Some- 
thing had to be done about it by the 
City administration so the growing 
city in April, 1912, purchased the wa- 
ter company’s holdings and embarked 
upon the water supply business as sole 
owner and operator. 

The glaciers upon receding, had left 
the Akron area “on the fence” so to 
speak, for actually Akron sits astride 
the Continental Divide, with its water 
flowing away from it—south to the 
Ohio, Mississippi, and the Gulf of Mex- 
ico—north to the Great Lakes, the St. 
Lawrence and the Atlantic Ocean. 
Local adjacent watersheds are small; 
volume of water is not large. But the 
glaciers had played favorable tricks 
also. The pre-glacial river valleys had 
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been filled with some good aquifers,— 
sand and gravel,—which private in- 
dustry had tapped with wells for in- 
dustrial supply. A child of the last 
glacier was the Cuyahoga River, which 
rises in northeastern Ohio, fifteen miles 
from Lake Erie, twenty-five miles east 
of Cleveland, flows southerly fifty miles 
to Akron, thence thirty miles northerly 
to enter Lake Erie at Cleveland. The 
engineers retained by the city to study 
the water supply recommended the de- 
velopment of the Cuyahoga River at a 
suitable location fifteen miles northeast 
of Akron, above which point the river 
had accumulated a watershed of 206 
square miles. Against odds engineer- 
ing wisdom and foresight prevailed, and 
in August, 1915 the first water of the 
Cuyahoga was treated and pumped to 
Akron. 


The Orchards of Akron 


By this development the Akron 
Water Works embarked upon a career 
of land ownership which is the basis 
of the present story. Lake Rockwell, 
the City’s impounding reservoir, con- 
sists of 750 acres of water surface and 
about 1750 acres of protective sur- 
rounding shore area. The latter had 
been farming land consisting of fairly 
well balanced tillable soil, grazing areas 
and woods. Forest areas of course had 
been long-since divested of marketable 
timber so that with few exceptions, 
there remained only second growth, 
third growth and even “slashings’”’. For 
several years the new supply organ- 
ization exerted most of its effort to 
supplying more and more water for 
the rapidly growing city, which by 
1920 had acquired a population of 
206,000. In the reservoir development 
the shoreline had been cleared to an 
elevation ten feet above flow line. Real 
planned development of the excess area 
began about 1922 when protective meas- 
ures required the purchase of an ad- 
jacent fruit farm covering about fifty 
acres. This farm was a going con- 
cern, in good condition, well equipped 
and well laid out with popular fruit 
varieties. To protect the investment 
the Water Department was obliged to 
remain in the fruit business and more 
or less reluctantly decided to hire a 
managerial horticulturist. Other ad- 
jacent former crop areas were subse- 
quently planted in fruit trees so that 
today there are 150 acres in fruit— 
apples, pears, cherries—together with 
a vineyard of 39 acres. As high as 
25,000 bushels of apples have been har- 
vested in one year and several hundred 
tons of grapes. A ready market pre- 
vailed at the farm as well as in nearby 
cities. 

As soon as practicable the Water De- 
partment removed itself from private 
competitive endeavor by selling all its 
equipment to the horticulturist and 
with him entering into an administra- 
tion-approved long-term rental contract 
for the operation of the orchard, farm 
and vineyard areas. A rigid contract 
was established providing: 
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Method of Payment—A fiat rental 

fee, plus varying percentages of 

gross receipts above a certain fixed 
minimum income. A firm bond was 
stipulated. 

Operational Metheds—All pruning, 

mulching, spraying and fertilizing 

were to be in keeping with best prac- 
tice as promulgated, recommended or 
approved by the Ohio State Depart- 
ment of Agriculture, Division of 

Horticulture, which organization was 

to be called upon at any time for in- 

spection. Two mowings per season 
were required. 

Use of Cultivated Lands—Methods 

were prescribed for the use of plow 

lands to insure crop rotation, ground 
cover and erosion control. 

Use of Buildings—Three dwellings, 

a large sorting and storage barn and 

a garage were set aside for the les- 

see’s use. 

Sanitation Control— Sewage  dis- 

posal and water supply for dwellings, 

approach to the reservoir and tres- 
pass on shore lands were rigidly out- 
lined. 

Gratifying results were obtained un- 
der the contract which proved fair to 
both sides. The principal varieties of 
fruit include Baldwin, Stayman Wine- 
sap, Jonathan, Grimes Golden, Wealthy 
and McIntosh apples; Montmorency, 
Windsor and several varieties of sweet 
cherries; German prunes; Bartlett, 
Sheldon and Seckel pears and Concord, 
Moore’s and Worden grapes. It ap- 
pears that each locality develops a de- 
sire for certain grades and types of 
fruit. By experience and trial, the 
above-named varieties had proven ac- 
ceptable and in demand for the local 
trade, so that the crop was disposed of 
readily. Not only did variety, care and 
attractive packaging bring results but 
the orchards acquired a reputation for 
employing successful methods. Grad- 
ing by the State Division of Horticul- 
ture had shown 95% or better in 
numerous inspections. As a result, the 
farm and its operations were held up 
as models. Unconsciously this had the 
effect of raising the level of efficiency 
of the surrounding farms. 

Recent war years have brought the 
problems attendant to labor scarcity, 
which will eventually correct itself. 
We expect to continue operations under 
these or similar lines until such time 
as the orchards prove to be too old to 
be profitable. At present the policy is 
not to replace any trees removed but 
rather to provide ground covering by 
grass or reforestation as hereinafter 
described. 


Reforestation 
Over and above the problem of use of 


orchard areas, there remained some 
1600 acres of shore lands to be con- 
sidered. These had been originally 
farms of varying degrees of diversity 
and usefulness. In considering the 
treatment of these areas, the require- 
ments of water supply were paramount. 
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It was realized that around and 
any reservoir, the conditions of the 
cultivation, geologic formations, 
ing and forest cover, all contribute tp 
the quality of the water reaching the 
reservoir. In our case, restoration of 
forest cover seemed to offer the answer, 

The native covering of tree 
found upon any landscape d in 
the broad sense, forestation, Refor. 
estation is the restoration, by man o 
nature of that which man or other 
causes has removed. In all forest 
areas a certain amount of water gmp. 
tent is removed from the soil by trans 
piration through plant life and tree, 
This may appear as a debit but any de 
pleting effect is offset many times by 
the prevention of soil erosion with m 
sultant silting of reservoirs; flood mp 
duction through retardation; the de 
velopment of soils and the actual grounj 
storage of waters. Shore protection 
appeared essential and forest cover 
presented a source of real control of 
human activities and an effective means 
of sanitary protection. 


Full Use of Native Flora 


A physical survey of the area dis. 
closed eroded areas, “slashings”, native 
forest, scrub cover, old plow lands, 
swamps and bogs. Some areas would 
not support tree growth so that a study 
of the native flora species proved valu. 
able, especially in the light of the pur. 
pose and end point of the operation 
In slightly moist areas, larch proved 
excellent. For erosion control locust 
and honeysuckle were effective and par- 
ticularly hardy. As a ground builder 
and ground cover the quicker growing 
varieties of evergreens were selected. 
The value of a mat of pine needles in 
the retention of moisture and in subse 
quent soil building is well know 
Where woods existed and for color con- 
trol it appeared essential to keep decid- 
uous tree leaves out of the water, a 
dense screen of evergreens was planted 
along the reservoir shore between the 
deciduous growth and the water. This 
accepts the theory that evergreens will 
catch, entrap and retain the falling 
leaves. 


Forestry Methods 


A survey of native predominant 
species disclosed maple, elm, walnut, 
chestnut (now gone), oak, dogwood, 
beech and tamarack. Proximity of the 
reservoir rather limited reforestation 
species to the several varieties of pines. 
For barren soils, including “borrow- 
pits”, jack pines were ideal; for orna- 
mental effects, arbor-vitae, Norway and 
Blue spruce proved satisfactory; for 
general cover, Scotch, Austrian, Cor 
sican, red and native white pines were 
effective. At the request of the For- 
estry Division, we have experimented 
also with southern pine, western spruce 
and pitch pine, with varying results 
There were of course exceptions wher 
small areas were eventually planted 
with walnuts, tulip, maple and locust 
We made our first planting of any cor 
sequence in the spring of 1922 using 
mixed pines. 
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tion. It should be related that the advice 
oved and experience of the Ohio State Di- 
yeust vision of Forestry and that of the Fed- 
par- eral Government have proven of im- 
ilder mense value and are free for the ask- 
ving ing. Such advice should be sought and 
ted. followed. 

sin = 


The State of Ohio maintains several 


nurseries in which thousands of seed- 
= lings of many varieties are produced 
= annually. Throughout the 23 years 
cid since 1922 these seedlings have been se- 
‘a cured in quantities up to 200,000 per 
the year. The price is nominal where pub- 
vhis lic reforestation is the established pur- 
will | pose. 
ling ‘ 

Methods of Planting 

and Transplanting 
ii Planting agencies have used two 
vat methods for the transplanting of seed- 
od lings from nursery stock. The first in- 
the volves planting direct in permanent and 


/ final location. Due to the tenderness 
of the two to three year old seedlings, 


. handling in rough territory, transpor- 

ok tation and planting in general, this 
method produces a high rate of mor- 

and tality. | , 

for y. In some instances, this may 

“4 mean little in final results if the losses 

et are scattered. However, a difficult ter- 


rain may still indicate the necessity for 
al use of this method. Our experience has 
lead us to accept the second method, 


“4 that of purchasing one, two or three 
. year old seedlings, transplanting them 
4 In our own nurseries until they are 


st large enough for transfer to final loca- 

tion. In general, water supply practice 
has adopted this method. Depending 
upon the species this may require from 
two to four years before final trans- 
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Signs of Spring—Akron’s Planting Crews are Out. 
(Note paired two man teams—shovel man and planter. 
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One man has just brought up a bucket of “mudded” 


Close-up of mudding operations appears further on.) 


planting is effective and conducive to 
good results. 


Nursery and Its Importance 


The selection of the nursery site is 
important. It should be the best soil 
available, equal to that required for a 
good vegetable garden, well worked, 
drained and fertilized. Since the tree 
is a crop, a rich soil produces a good 
crop and vice versa. Fertilization and 
plowing in the fall produces the best 
soil for spring harrowing and plant- 
ing. Seedlings are ordered in late 
summer for delivery the following 
spring. We are usually notified a week 
in advance of the date when the seed- 
lings are ready for delivery at the 
State Nursery. They are removed, 
moistened, wrapped in bundles of 1000 
in peat moss and boxed for delivery. 
So far as handling of pines is con- 
cerned, we have drilled our men with 
this one slogan: “Never allow the roots 
to dry”. This principal is basic and 
never-to-be-questioned. 


Since many thousands are handled 
we have adopted the practice of “heel- 
ing in” the seedlings in soft ground 
upon receipt at our nursery. The 
bundles are broken and the seedlings 
placed in shallow trenches in moist 
earth, where they are covered loosely 
with the peat moss and earth. If left 
in bundles heating will occur with re- 
sultant moulding and irreparable dam- 
age to the roots. The young trees as 
“heeled in” may be watered from time 
to time until set out in the new nursery. 

The spacing of the young trees in the 
nursery will of course vary. Species 
of tree, soil character and cultivation 
methods will dictate. Our current prac- 
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tice is to place seedlings two to three 
inches on center in rows two feet apart. 
A trench about four inches deep is 
prepared in damp (not wet) soil and 
the seedlings transferred on a planting 


board. Several steps are involved. 
First a hole about two feet in diameter 
and one foot deep is excavated, in 
which a rather “sloppy” mud is pre- 
pared. Seedlings from the “heeled-in” 
rows are removed in bunches of 75 to 
100 and their roots thoroughly smeared 
in the mud bath; being removed a few 
at a time to a table where they are 
placed on the planting boards immedi- 
ately before planting in the nursery 
rows. Upon removal from the boards, 
the earth is pressed firmly against the 
roots and the parts above ground 
straightened. A nursery planting crew 
consists of five men—a “mudder” who 
prepares the planting boards; a “car- 
rier” who delivers the boards to the 
planters and also keeps the “mudder” 
supplied with properly prepared seed- 
lings; two “planters”, one to plant the 
trees and the other to fix the final set; 
and one “digger” who prepares the 
rows in advance of the “planters”. 
Throughout the process, the slogan 
—“Never allow the roots to dry”—is 
strictly followed. Several crews may 
be employed at the same time on dif- 
ferent areas where the number of 
seedlings involved is large. Varieties 
are never mixed in the nursery, due to 
different growing characteristics. 


Soil conditions will determine the 
nature of cultivation. In sandy soils, 
it is possible to cultivate as often as is 
necessary to keep down weed growth 
without disturbing the roots of the 
seedlings. In heavier soils, this is not 
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The Beginning of a Nursery 


possible without risking damage. Light 
depth cultivation to kill weeds is suf- 
ficient. We have purposely selected 
nurseries in sandy loam. Even so we 
have, after experimentation, adopted 
the policy of no cultivation, allowing 
the young trees and weeds to grow to- 
gether naturally. Trial patches using 
both strict cultivation and no cultiva- 
tion have indicated better results from 
no cultivation. In Ohio we have learned 
that weed growth can be of immense 
value in protecting the young trees 
from the direct rays of the hot sum- 
mer sun. 


Final Transplanting 


In final plantings, selection of species 
depends upon the soil conditions and 
characteristics at the site. An attempt 
is always made to determine and use 
the best species available, as herein- 
before mentioned. We experimented 
with both fall and spring planting. 
Here again, the advice of State and 
Federal authorities proved valuable. 
Type of soil, species of tree and climate 
were of prime consideration. For our 
purpose, we have adopted spring plant- 
ing as standard. It fits in better with 
the more advantageous use of. our 
labor personnel; in spring the ground is 


Boxes of Transplants from Nursery, 
Ready for “Mudding” and Planting 
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more moist and more easily worked; 
there is little danger of roots drying 
out; it coordinates more closely with 
nursery practice, and it obviates danger 
of loss through frost upheaval. 

Seedlings are left in our nursery for 
two or three years and, for certain var- 
ieties as long as four years. Rate of 
growth dictates. Red and Scotch pines 
grow the faster; spruce, southern and 
white pines the slower. It has been our 
experience with older transplants, that 
the roots become interlaced and en- 
tangled, so that removal is difficult 
without damage. Older trees are not 
so liable to survive disturbance. Two 
years also proved the best transplant 
age for several varieties of deciduous 
trees such as oak, maple, walnut and 
tulip. Locust root sprouts are trans- 
ferred any time. Best results were ob- 
tained from planting “stratified” wal- 
nuts direct as seed. Several hundred 
hybrid chestnuts were transplanted di- 
rect from commercial nursery stock. 
These were carefully protected by rab- 
bit guards and have thrived acceptably. 
Rabbits and mice also proved a nuisance 
among seedlings in our nursery and 
necessitated the use of potsons. 

In the transplanting of evergreens, 
several steps are involved, quite similar 
to the initial handling of seedlings as 


3-Year-Old Nursery Ready for Tapping 


above described. The transplants are 
removed by carefully loosening the 
earth and then immediately submerg. 
ing the young tree roots in the “mpd. 
hole”. If the planting area is consid. 
erable distance from the nursery, lethal 
drying of the roots may result unles 
they are well protected by placing in 
containers and the roots well covered 
with moist earth. For this purpose we 
use wooden boxes, 20 by 20 by 16 inches 
deep, affording sufficient space for 40) 
to 800 trees, depending upon age and 
variety. 

At the distant site, transportation 
and planting difficulties may necessitate 
“heeling in” and caring for as previ- 
ously described. In any event, as close 
to planting time as possible, the roots 
of the transplants should receive pro 
tection against drying by the “mudhole” 
treatment. “Mudded” trees are trans- 
ported in buckets to the planters where 
one man prepares the hole while the 
other plants. A crew is usually four 
men—one “mudder”; one “carrier” and 
two “planters”. The holes will vary 
with the species, some having longer 
or wider root growth. In general, the 
hole should provide well loosened soil 
to surround the roots without crush- 
ing. Well-organized crews, in our e&- 
perience, in fairly open areas, can av- 


Some Seven-year-old Scotch Pine on 
Mogadore Watershed 
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erage 400 to 600 trees per man per 
i 
eight-hour day. 


Tree Spacing 

Spacing of trees depends upon the re- 
wits desired and upon the species in- 
ylved. Here forestry methods, ad- 
vised by State and Federal agencies 
should be followed. For quick cover 
and complete eradication of competitive 
ground cover, plantings as close as 
§ by 6 feet (1200 per acre) may be 
used. If timber is ultimately desired, 
such close planting, with subsequent 
trimming, after many years, will pre- 
vent the development of low branches. 
Long, straight trunks with best saw 
timber value will result. At our Lake 
Rockwell plantings, we started out with 
spacings 6 by 6 feet, later increasing 
this to 7 by 7 feet and now we are of 
the opinion that 8 by 8 or 8% by 8% 
(680 to 600 per acre) is ideal for plant- 
ings around reservoirs for general all- 
over usefulness. 


Hasards and Preparedness 


Forest fires are a potential menace 
to reforestation. To guard against this 
hazard constant patrolling by the gen- 
eral reservoir patrolmen is required. 
Each of our patrolmen carries with him 
at all times in his car two five-gal'on 
capacity filled portable water contain- 
ers, with hand-operated pump and 
spray nozzle. In the past twenty years, 
these have proved their worth many 
time in subduing fires through early 
contact. Fire lanes of generous width 
(over 100 ft.) are provided between 
plantings in open areas. These Janes 
are bush-free and are mowed at least 
twice per year where topography will 
allow. Where plantings are adjacent 
to traveled roads, fire lanes are kept 
fre from weed growth by frequent 
plowings during the year. Lookout 
towers are a necessity for adequate 
patrol. Access roads have been built 
entirely around our reservoir, not too 
far back from the water’s edge, to per- 
mit easy access. Branch roads lead to 
the more remote areas. In constructing 
these roads, cinders from our power 
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A “Mud-hole” 


(An important operation is_ the 
“mudding” of transplants promptly 
after lifting from nursery and pre- 
paratory to hauling to the planting 
site.) 


plant provide excellent road material 
for an all-year-around surface. Be- 
cause such roads afford vistas of ex- 
ceptional beauty, it is to be regretted 
that the public cannot be given access. 
Such practice, however, is neither con- 
ducive of safety from fire hazards, nor 
of satisfactory sanitary control. Res- 
ervoir patrol can definitely become a 
vital part in successful forest fire 
patrol. 

Next to forest fires, blight is the 
greatest potential hazard to forestation. 
No absolute protection is possible; we 
can only strive for control. The stunt- 
ing of growth, the reduction in the de- 
sirability of the ultimate product and 
the actual killing of the tree are but 
three results of tree disease. We have 
witnessed some tragic examples of tree 
blight in the passing of the chestnut 
and in the ravages of elm disease and 
the white pine blister rust. We have, 
however, had gratifying results with 
the Chinese hybrid species of chestnut, 
which have somehow acquired immun- 
ization. We are not attempting to 
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propagate elms but the hardy “swamp” 
elm has as yet been little affected by 
blight. To control and protect our 
white pines from rust we have enjoyed 
the close cooperation of the State For- 
estry Division in eradication of cur- 
rants and gooseberries (Ribes) which 
appear as important members of the 
“host” cycle. Fortunately, to date, our 
white pine stands have thrived very 
well indeed. 


Fungus diseases may be controlled 
by fungicides and care in pruning. 
Careless logging, or cutting and felling 
of trees against remaining growth, 
often produces wounds which leave the 
tree at the mercy of decay. “Slashed” 
or carelessly logged areas are open in- 
vitations to fire, insect and disease. 


In well-established stands, animals 
cause little permanent damage. A nat- 
ural balance is ultimately established 
between small game such as rabbits 
and groundhogs and the predatory fox. 
Bird life abounds. Wild duck and geese 
use our lake as a part of re-established 
migratory lane and its waters to rear 
their young. In fact we have one pair 
of eagles that have nested for years 
near a small swamp area. Deer are 
appearing in increasing numbers due 
to forest cover and protection. 


Lake Rockwell Plantings 


Using the methods outlined above, 
we have set out over 600,000 trees at 
Lake Rockwell in the period beginning 
in 1922 and including the spring of 
1945. True, we have used a preponder- 
ance of pines of the several varieties 
but we have also made creditable plant- 
ings of oak, tulip, walnut and maple. 
When bank wash and erosion proved 
unsightly, willows were planted with 
quick satisfactory results. Where 
there remained fairly satisfactory nat- 
ural cover our activities have been 
given to clearing and replacement in 
kind. In general, we have described 
acreage planting. For ornamental land- 
scaping we have of course resorted to 
“spot” plantings, particularly along the 


shore line, on promontories, high points _ 


and bays. Arbor vitae, Norway and 





The Planting Board in Use 
Showing how the board serves to get the seedlings 
uniformly spaced and at proper depth. 
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blue spruce, dogwood and wild crab 
have proven very effective and afford a 
pleasing appearance. We believe that 
increased air travel of the future will 
appreciate bulk landscaping, planted 
with the sky-view in mind. We main- 
tain a nursery to facilitate “fill in” 
planting and for transfer to lands on 
our other reservoir areas. In the in- 
terest of variety and a continuing 
eventual timber crop, we have “skip” 
planted areas anticipating eventual 
fill-in. To our satisfaction, natural 
seeding has taken place from some of 
the older plantings. In mowing, these 
seedlings are guarded carefully. 


Equipment 


One of the really interesting things 
about forestation is the small amount 
of equipment involved. Out- 
side of the plow and harrow 
to prepare nurseries, the 


only tools needed are 
spades, shovels, buckets, 
boxes, seedling tables, 


planting boards and a small 
pick-up truck. The hauling 
of water may be necessary 
in the more remote areas. 
This would require water 
barrels or drums. All these 
are found in any water 
works. Surely no operation 
of so great importance can 
be carried out with so little 
investment for equipment. 
Even the seedlings at the 
State Nursery costing $1.00 
to $4.00 per thousand (aver- 
aging $2.50), would amount 
to only $2500 per million— 
enough trees, counting fire 
lanes and roads to cover over 2,000 
acres, equivalent to a little better than 
one dollar per acre. 


Personnel 


As mentioned, we in Ohio prefer 
spring planting, which can be started in 
March, as soon as the ground has 
passed from the muddy stage, and can 
be carried through until late May. In 
backward seasons, we have planted in 
June with good results. Ordinarily, 
for labor crews this type of work be- 
comes an acceptable interlude between 
winter activities and the start of spring 
and summer construction. It is seldom 
that important work interferes and, of 
course, such work should not suffer. 
The men like such a change and look 
forward to it. We have employees who 
have participated in tree planting each 
year for over 20 years. During depres- 
sion years such work offered a maxi- 
mum of man-hours with a minimum of 
expense for equipment and material. 
Fortunately for WPA activities, we 
had a backlog of thousands of seedlings 
in our nurseries during this period and 
transferred thousands of transplants to 
our reservoir lands. It proved to be 
good, healthy, profitable work with far- 
seeing results. We intend to maintain 
sizable nurseries for postwar, “just 
in case”. In any event, there is no 
postwar program which offers more in 
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the development of a natural resource 
or has a greater nation-wide appeal. 


Costs 


Again we believe forestation offers 
much in the way of very worth while 
development at low cost. For acreage 
plantings, assuming seedlings at $2.50 
per thousand and average common 
labor at 75c per hour (50c to 90c) we 
have the following average unit costs: 


Costs per 1,000 Seedlings 


cits tnsdbeeinesensmaeen $ 2.50 
Transportation from state nursery.... 1.00 
Transplanting in nursery.. te oe 6.00 
CUPS i MOORE cc cc vccccee ai eta 
Planting in final location..... ‘ie 15.00 
Equipment and truck........ ee 
SE ccccdicbssdececaxeteteseees 3.00 
*Losses, conting., etc. (20% approx.). 5.50 

DO CHE CEG Fees hse estan cadnnede $35.00 





Mixed Pines Seventeen Years Old 


*It is of interest to record here that our 
losses have not been 10% in transferring 
from our nursery to final location. 


Other Reservoirs 


Prior to 1929 about 500 acres of land 
had been purchased in the upper valley 
of the Cuyahoga River 50 miles north- 
east from Akron, in an area known as 
East Branch. During the depression 
years, this area was projected into a 
reservoir area by the purchase of an 
additional 1,000 acres. Under a PWA 
contract about 600 acres were cleared, 
a public road raised and a rolled-earth 
dam and spillway constructed. By 
1939 this created a lake, having a water 
surface of 450 acres and a shore area 
of 1,050 acres, to augment domestic 
supply. Provision for reforestation 
was started at once by the creation of 
a small nursery maintained at about 
20,000 seedlings. From 5,000 to 10,000 
transplants per year have been set out 
in shore areas. This spring (1945) the 
nursery has been augumented by 38,000 
seedlings. 





Watch for Mr. La Due’s second 
article in our July issue, telling of 
profitable commercial uses of “Ak- 
ron’s Acres.” 











In the depression year 19 
it was indicated that work saa 
necessary, the Water Department ne 
chased about 2,750 acres of land Fas 
8 miles east of Akron in the valle 
the Little Cuyahoga River. i ae 
clearing of about 1,200 acres, the seeen. 


struction of a public highwa 
building of an earthen dike aad sae 
earth dam, a lake of 1,000 acres w 
created as an industrial water sens 
known as the Mogadore Reservoir. Thi 
work was done almost entirely by WPA 
labor and methods, thus affording work 
relief to as many as 2,000 men at one 
peak time. This reservoir was filled 
by early 1939. Excellent Opportunities 
for reforestation activities (as de 
scribed hereinbefore) were presented 
and accepted. A nursery of over 150,- 
000 seedlings was estab. 
lished during the first year 
of construction—1937, Two 
years later, transplants 
were available for handling 
by relief labor. In the jn. 
terim (1937-1939) trans. 
plants were secured to the 
extent of some 50,000 from 
Lake Rockwell nurseries, 
This use of a nursery, well. 
stocked by previous plan- 
ning, affords a preview of 
what can be done postwar 
in reforestation planning. 


Postwar 


Now is the time to estab- 
lish nurseries if we are to 
receive maximum results 
in a field of public endeavor 
which bids well to receive 
nation-wide enthusiastic reception. The 
following excerpt is made from an edi. 
torial appearing in the Cleveland Plain 
Dealer issue of March 19, 1945: 


“The Legion Joins Up” 


“The conservation movement in Ohio 
gains a powerful and welcomed ally with 
the inauguration of a reforestation program 
by the Ohio department of the American 
Legion. 

“The decision of this veterans’ organiza- 
tion to join the battle for the restoration of 
the state’s most vital natural resources— 
soil, water and trees—was made quietly 
some months ago. 

The Legion reveals to the uninitiated 
reader the extent to which conservation 
can be made to pay almost immediate as 
well as long-range dividends to the people 
of Ohio—and to all the people whether ur- 
ban or rural residents. 

“Fully aware that conservation calls for 
numerous measures, both public and pri- 
vate in nature, the Ohio American Legion 
has decided to place its emphasis on fe- 
forestation. 

“We hope its action will inspire many 
other influential organizations to join ac- 
tively in this movement which has as its 
purpose the preservation and _ restoration 
of the great natural resources which have 
been the physical foundation of the Ameri- 
can way of life.’ 


In 1922, the public evinced very little 
interest in “tree-planting”. Reforesta- 
tion programs received meager support 
and, in some instances, actual opposi- 
tion arose. Today reforestation has 
become one of the most popular of cot 
servation efforts. It must be more than 
an effort; it is a national necessity, 
New and Postwar. 
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CORROSION CONTROL IN POTABLE 
WATER SYSTEMS 


A Discussion and Conclusions Reached as the Result of Recent 


Observations, Studies and Field Experiences at Army Posts 


faced with an extensive program 
of corrosion control in an effort 
to conserve the huge investment in fer- 
rous metals en- 
countered in water 
distribution sys- 
tems and the serv- 
ices of consumers. 
The great quanti- 
ties of water used, 
together with the 
demand for a low 
unit cost of water, 
have led to the 
search for an ef- 
fective and eco- 
nomical means of 
corrosion control. 
Research in the field of corrosion of 
metals has disclosed many of the basic 
factors which govern the electro-chem- 
ical phenomena involved. These re- 
searches have led to certain methods of 
control, many of which are applicable 
to industrial process waters where cost 
of prevention and potability are not 
governing factors. These methods in- 
clude the use of corrosion resistant 
metals and alloys involving the ele- 
ments of copper, nickel, silver, chrom- 
ium, zinc, and others. Extensive use 
is also made of the lining of metal sur- 
faces with glass, cement, enamel, plas- 
ties, rubber, and other organic mate- 
rials. The addition of chemicals such 
as chromates to the water to induce 
passivity of the metal surface is also 
used in many industrial water systems. 


Wiscea with an engineers are 





The Author 


Effect of Temperature 


Temperature plays a vital role in the 
corrosion of ferrous metals. This is 
emphasized by the great number of 
repeated failures in domestic water 
heaters and tanks. West' has shown 
that in closed systems the rate of cor- 
rosion activity is about ten times as 
rapid at 180° F. as at 50° F. At 210° F. 
it is ten times the rate at 180° F. If the 
hot water systems are of the open type 
so that oxygen and carbon dioxide 
gases may escape to the atmosphere as 
the temperature rises, the change of 
corrosion activity assumes different 
characteristics. Friend’ has shown that 
m an open system, despite the decrease 
Im oxygen concentration with tempera- 
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ture rise, the rate of corrosion increases 
to a maximum near 176° F., after which 
it decreases until at the boiling point 
the rate is practically zero. Most of 
the domestic water systems in use 
throughout this country are of the 
closed type, with little opportunity for 
the release of dissolved gases. Many 
systems are uncontrolled to the extent 
that temperatures rise almost to the 
point of boiling. The need for addi- 
tional research on the control of cor- 
rosion at the higher temperatures rang- 
ing between 150° F. and 200° F. is a 
vital one. 


Dissolved Oxygen Removal 


One of the most effective means of 
preventing corrosion is to remove the 
dissolved oxygen. Two practical meth- 
ods of oxygen removal involving deaer- 
ation are commonly practiced. One 
method is to heat the water to a point 
just below boiling and vent the released 
gases to the atmosphere. At this tem- 
perature the solubility of gases in the 
water is virtually zero at atmospheric 
pressure. The cost of heating and sub- 
sequent cooling would be prohibitive 
for large systems. 


The other method is to pass the water 
through an evacuated chamber, either 
with or without heat being added to the 
water. Vacuum deaeration could be ac- 
complished without much additional 
cost at a treatment plant and would 
protect distribution mains as well as 
the pipes and equipment of the using 
agencies. This method of deaeration 
when practiced by the individual con- 
sumer, might involve repumping of the 
water. Economic studies would be nec- 
essary to determine the applicability of 
these methods of oxygen removal. 

Oxygen may also be removed by a 
process known as deactivation’. The 
water is passed over beds of scrap iron 
or steel to induce oxidation of the iron 
and concurrent deoxygenation of the 
water. Other reducing agents such as 
sodium sulphite can be used for deacti- 





The opinions expressed in this 
article are those of the author and 
are not to be construed as represent- 
ing the policy of the War Depart- 
ment. This statement is being made 
at the request of Major Eliassen. 
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vation, Further treatment is frequent- 
ly required to remove suspended or 
colloidal material, thus involving addi- 
tional expense which must be charged 
to corrosion control. 


Protective Coatings 


Some of the greatest possibilities for 
the economical solution of the corro- 
sion problem will be found in the pro- 
vision of protective coatings on the 
metallic surfaces in contact with the 
water. Some of the inexpensive coat- 
ings have been known to deteriorate 
with use and cannot be renewed. When 
this takes place the surface of the metal 
is exposed to the corrosive action of 
the water. Zinc coating of pipes, as in 
the galvanizing process, is typical of 
the coatings in this category. Other 
coatings, while they may last indefi- 
nitely, may be too expensive for adop- 
tion by the water works profession. 
The ideal coating should be economical 
and‘either durable or easily replaceable. 

Many attempts have been made to 
form a calcium carbonate coating on 
metallic surfaces. This is most fre- 
quently accomplished by raising the 
pH with soda ash or lime. It must 
be emphasized that increase of pH 
alone will not assure protection 
against corrosion in the ranges of pH 
met with in potable water supplies. 
Wilson* has shown that pH has little 


influence on the rate of corrosion be-. 


tween the values of 5.0 and 11.5. In 
this range the concentration of dis- 
solved oxygen in the water is the prin- 
cipal factor influencing corrosion. 
Raising the pH may induce the for- 
mation of a calcium carbonate scale 
provided sufficient calcium and carbo- 
nate ions are present to form a precipi- 
tate. The saturation index of Lange- 
lier® and the stability index of Ryznar* 
are useful in determining the necessary 
dosages of chemicals to permit the pre- 
cipitation of calcium carbonate. The 
mere existence, however, of conditions 
which would permit scale formation 
does not necessarily signify that a pro- 
tective scale will be formed on the pipe. 
The indices do not take into account 
the rate of scale formation. Ryznar* 
states that the “index does not indi- 
cate how much calcium carbonate will 
deposit; whether a state of supersatur- 
ation will be present which will be 
great enough to produce a precipitate; 
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Tuberculation—Flow in Pipe Impeded, Usually Pitting Underneath 


and whether it is great enough to give 
a protective film.” 

It is conceivable that the rate of for- 
mation of tuberculated surfaces com- 
posed of the products of corrosion may 
be greater than the rate of formation 
of the coating of precipitated calcium 
carbonate. In this case little protec- 
tion will be afforded. Dangers are also 
inherent in the scaling of hot water 
heaters and other units in which the 
temperature of the water is raised. In 
their extensive studies on control of 
corrosion at Army posts, Kessler and 
his colleagues’* have found that the 
porous nature of the calcium carbonate 
deposit permitted severe pitting and 
localized corrosion to take place under 
the coating. Thus, the value of this 
approach to corrosion control is open 
to question, more particularly in hot 
water systems than in cold water sys- 
tems. 

Research has been conducted by many 
experimenters with the goal of finding 
a chemical which might be added to 
the water in minute quantities to form 
a protective film over all metallic sur- 
faces exposed to the water. The most 
important property of the desired 
chemical is that it shall have no effect 
on the potability of the water either 
from the physiological or the palatibil- 
ity standpoints. The film or coating 
must be formed after the pipe is in 
place and be maintained by continuous 
or intermittent treatment of the water. 


Sodium Silicate Films 


Sodium silicate was one of the first 
chemicals which research disclosed 
would be useful in controlling cor- 
rosion in potable water systems. Speller 
and his associates’ carried out exten- 
sive work on the use of this chemical. 
Their experiments showed that 40 ppm. 
of SiO. would reduce corrosion by 85 
per cent in a period of fifteen days with 
Pittsburgh water at 110° F. Many 
others have obtained similar results. 
Stericker” attributes the success of 
silicates to the formation of a film on 
the surface of the metal by interaction 
with the ferrous hydroxide formed as 
the ferrous ion leaves the metal. 
Formation of the film is usually a slow 
process requiring about a month in 
many waters. 
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It should be understood that control 
does not imply complete protection. 
Usually it involves a high percentage 
of decrease in the rate of corrosion and 
tuberculation. Vail’ explains that the 
film is a slightly permeable gel and 
the transfer of oxygen from water to 
metal does not entirely cease with the 
formation of the film. The coatings, 
however, are usually evenly distributed, 
dense and adherent enough to retain 
the ferrous hydroxide concentration at 
the metallic surface sufficiently high to 
interfere with the passage of oxygen 
from the water to the metal. The 
presence of calcium or magnesium salts 
in the water is believed to facilitate the 
formation of the coating. 

Experience at Army posts* has shown 
that sodium silicate can be relied upon 
to achieve corrosion control with many 
types of corrosive waters. For the av- 
erage water, sodium silicate having the 
composition Na.O: 3.25 SiO. and a spe- 
cific gravity of 40° to 42° Baume’ has 
been found most desirable. The pH of 
the water after addition of sodium sili- 
cate should lie between 8.0 and 10.6, 
the upper limit prescribed for potable 
water supplies by the U. S. Public 
Health Service.” If a pH of 8.0 cannot 
be attained by feeding the above sili- 
cate, it would be advisable to add a 
more alkaline silicate such as Na.O: 
2SiO. or an alkaline compound such as 
soda ash or caustic soda along with the 
silicate. 

Initial dosages should be in the order 
of 12 to 16 ppm. (as SiO.), except in 
waters high in natural silica, in order 
to satisfy the high adsorptive demand 
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of the metallic surfaces. Af 
or when a film starts formal thee 
mote parts of the distribution ouik 
the dosage may be reduced gradual 
to the point where a residual of 4 
least 1.0 ppm. above the natural slg 
content of the water can be detected 
the far end of the distribution Pree 
The mere presence of residual alles 
is not enough to assure the formatio 
of a coating, but the residual is nent 
sary for the coating to be developed 
and retained. 
Turbulent flow characteristics should 
prevail in the pipes in order to assure 
silicates being in contact with the pipe 
surfaces. Field observation of the 
metallic surfaces is essential to de. 
termine the degree of protection ob. 
tained. When the coating has forme 
the final rate of feed may be reduce 
to a value as low as 4 to 8 ppm, 
sufficient to maintain the coating at all 
times. Where water is heated to high 
temperatures, a greater dosage may be 
required. 


Poly phosphates as Inhibitors 


Phosphates of certain types have 
been recognized as corrosion inhibitors 
during recent years. The phosphates 
most commonly used are the mole. 
cularly dehydrated polyphosphates 
khown as sodium hexametaphosphate, 
(NaPO;)., and sodium septaphosphate, 
NavP-;O.:. The formula for the latter 
may also be written as Na.O : (NaPO,). 
showing that it is slightly more alkaline 
than the metaphosphate, but of similar 
composition. Hatch and Rice” claim that 
protection is achieved through the for- 
mation of a film on the metallic surface 
by adsorption of the metaphosphate 
from solution. Formation of the film 
does not take place rapidly, often tak- 
ing a month to appear in the remote 
parts of the water system. It has been 
shown by Rice” that the results ob- 
tained will be proportional to the actual 
total quantity of metaphosphate pass- 
ing over an area of metallic surface 
each day rather than the concentration 
of the chemical in the water. For this 
reason turbulent flow in the pipe is 
productive of best results. 

Once the film is formed, reversion of 
the metaphosphate to orthophosphate 
takes place gradually. The latter is 
not effective in corrosion control. Suf- 
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Pitting—The Result of Localized Corrosion 
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’ hosphate must be present 
— — to oor the orthophos- 
. te which leaves the metal. The same 
ov true for the septaphosphates. 
park of pH has not been found neces- 
- as the chemicals have proven ef- 
say thin the range of pH found 


ive wi 
“a natural waters, from pH 5.2 
to 10.6. 


As with silicates, the control is not 
ysually perfect to the point of com- 
plete protection from corrosion, but the 
reduction in the rate of corrosion may 
be extremely high with many waters. 
This is verified by the report of the 
AWWA Committee on Water Condi- 
tioning Methods to Inhibit Corrosion.” 
After their exhaustive survey of this 
subject, their conclusions were, “In fer- 
rous metal piping systems, the use of 
metaphosphates will nearly always 
eliminate, or at least minimize, the out- 
ward manifestations of corrosion, par- 
ticulary red water and tuberculation.” 
It should be emphasized that the ab- 
sence of red water alone is not the 
criterion of corrosion control. Chem- 
ists have shown™ that the polyphos- 
phates will combine with the iron in the 
water to form soluble complex phos- 
phate ions and thus mask the evidence 
of corrosion as far as the appearance 
of the water is concerned. To be con- 
sidered successful the chemical must 
form a protective coating which will 
minimize the loss of metal from the 
surface in contact with the water. 


The author and his associates have 
utilized the polyphosphates for cor- 
rosion control at many locations on the 
Atlantic and Pacific coasts where cor- 
rosive waters are prevalent. With 
steel piping it has been found desirable 
to start the feeding at a rate of from 
6 to 12 ppm. of the polyphosphate. The 
higher value is necessary where water 
is heated to 185° F., which is the re- 
quired temperature for disinfection of 
tableware. Tests by Morgen and 
Swoope” show that between pH 7 and 
9 a good percentage of the polyphos- 
phates may revert to orthophosphates 
in 24 hours. 


As the film develops the dosage may 
be cut back to the point where sufficient 
polyphosphate is present in the water 
to give a residual of at least 0.5 ppm. 
of the meta- or septaphosphate at the 
far ends of the distribution system. In 
some instances the final dosage to se- 
cure effective control of corrosion may 
be as low as 2 ppm. in lines carrying 
cold water. More generally a dosage 
between 2 and 6 ppm. is required. 
Where maximum protection is neces- 
sary at 185° F. the ultimate feed may 
be even higher. Determination of min- 
imum dosage depends upon residual 
metaphosphate present and observation 
of actual results on the metals in con- 
tact with the water. 


Combination Treatments 


Polyphosphates and silicates have 
been added together in some cases of 
corrosion control where feeding each 
chemical separately did not give the 
protection desired. This combination 


189 

















Protective Coating Stops Corrosive Action 











Sealing—Too Much Coating—And Not the Right Kind 


is particularly desirable where the 
water has a scaling tendency which will 
lead to clogging of pipes when silicate 
is used alone. Dosages would be some- 
what less than for each chemical alone 
and can best be determined by experi- 
ment. The author has obtained good 
results using 2 to 4 ppm. phosphate 
and 8 to 12 ppm. silicate on corrosive 
waters. 

Tetrasodium pyrophosphate has been 
used successfully in the mitigation of 
corrosion with dosages (anhydrous 
basis) similar to those employed with 
metaphosphates. Some authors have 
reported on the use of a mixture of 
pyrophosphate and an organic material 
derived from the fermentation of cer- 
tain plant juices. Sufficient experi- 
mental data and reports of field experi- 
ence are not available on the use of 
either pyrophosphates or organic com- 
pounds to determine the conditions un- 
der which these chemicals can be used 
in the control of corrosion. 


Proportional Feeding and 
Test Loops 


Proportional feeding of the inhibit- 
ing chemicals plays an important part 
in the success of corrosion control. 
Hypochlorinators of various types have 
given excellent results in feeding solu- 
tions of phosphates and silicates. These 
feeders may be either the simple hy- 
draulic displacement type for low flows 
or the plunger and diaphragm types for 
higher flows. Frequent cleaning and 
flushing is desirable in order to prevent 
clogging of the apparatus. Many other 
types of feeders can also be utilized, 
but solution feed at a rate proportional 


to the flow is recommended for most 
consistent results. 

Test loops provide the most accurate 
means of checking on the sufficiency of 
protection obtained in hot and cold 
water services. It is essential that test 
pipes of typical metals used by water 
consumers be installed at critical points 
served by the water utility, partic- 
ularly at the ends of the system remote 
from the point or points of chemical 
feed. 


The accompanying diagram shows a 
simple layout which permits the pipes 
to be subjected to the actual condi- 
tions of temperature and flow charac- 
teristics encountered near the critical 
point at which protection is desired. - 
The test pipes can be taken down at 
any time without interfering with the 
supply of water. As many test pieces 
as desired can be installed in a loop of 
this type. The important factor is the 
periodic observation of the coating de- 
veloped and the degree to which pitting 
and tuberculation are arrested. De- 
termination of minimum dosage can 
only be made by frequent observation 
and analysis of these test pieces. At 
the present time there is no other eco- 
nomical method as effective as this 
easily comprehended scheme in guid- 
ing the water works operator in the 
selection of the treatment or the amount 
and type of chemical to be used for 
the control of corrosion at any point in 
the water system. 


Summary 


Research has disclosed many methods 
of controlling the corrosion of metallic 
surfaces in contact with water. The 
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CORROSION CONTROL IN POTABLE WATER SYSTEMS 
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TEST LOOP SHOWING 
ARRANGEMENT OF SEVEN I2-INCH TEST PIPES 


waterworks engineer is faced with the 
selection of a method which will be 
economical on a large scale application 
and will not affect the potability of the 
water. The method showing greatest 
promise at the present time is the feed- 
ing of minute quantities of chemicals 
which will form films or protective coat- 
ings on metallic surfaces and thus pre- 
vent the corrosion reactions from tak- 
ing place, or retard them from 
proceeding to completion. 

The empirical nature of the present 
state of the art of corrosion control 
does not yet permit the correlation of 
the chemical analysis of a corrosive 


water and the required dosage of in- 
hibitors. Determination of initial dos- 
age of chemicals must be based on the 
experience of others using similar 
waters and confronted with similar 
problems. On the basis of experience 
with many corrosive waters, the author 
believes that the accompanying table 
summarizes the average trend of chem- 
ical feeds which have given good re- 
sults. Specific cases may vary appre- 
ciably from these average values. 
Actual control of chemical feed for any 
particular system must be based upon 
chemical tests of the water to determine 
the residual concentrations of the ef- 


CHEMICAL DOSAGE FOR CORROSION CONTROL 


‘ , Basis of 
Chemical Analysis 
ee i. 
Sodium hexametaphosphate .....(NaPOs)s. 
Sodium septaphosphate ..........NaceP:O2 
Tetrasodium pyrophosphate ......Na,P2Or 
Gotaas Decorated 


Col. Harold B. Gotaas, Sn. C. has 
been decorated by the Chilean Govern- 
ment with the Order of Merit. 

This recognition 
follows closely 
Col. Gotaas’ re- 
cent elevation to be 
Director of the 
Division of Health 
and Sanitation of 
the Institute of 
Inter - American 
Affairs. 

Before joining 
the Army in 1942, 
Colonel Gotaas was 
Prof. of San. Engineering at 
School of Public Health, 
North Carolina. 





the 
Univ. of 
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Treated 
Dosage Minimum Water 
Initial Final Residual pH 

ppm ppm. ppm. Min. Max. 
12-16 - 1.0 8.0 10.6 
6-12 2-6 0.5 5.2 10.6 
6-12 2-6 0.5 5.2 10.6 
6-12 2-6 0.5 5.2 10.6 





for House Sewers 


Upon recommendation of Wm. E. 
Baldry, City Engineer of Topeka, 
Kansas, the city commission has placed 
its O.K. on the use of bituminen im- 
pregnated fiber pipe for house sewer 
connections. 


This is the product long used for 
electrical conduits but relatively new 
to the water—and sewage field. It 
is produced from fiber under high pres- 
sure and impregnated with protective 
bitumen as a binder and preserver. 
The joints are absolutely water tight 
and root-proof without the use of joint 
compound. The pipe is also acid and 
alkali proof. 












fectual chemicals at the 
distribution system. These - the 
must be correlated with ob ; 
results on the pipes themesives ant ot 
denced by the examination of tegt oe 
located at critical points in the g 

Remarkable strides have bean a 
in this relatively new approach to the 
corrosion control problem. f : 
research and correlation of : 
mental data and field observation stil] 
remain to be accomplished before 
satisfactory solution can be found for 
the protection of metallic surfaces i 
contact with water of any specific on 
ical makeup. Sanitary engineers 
should follow closely the development 
of new compounds for the Possibilj 
of application toward the solution of 
this problem. Analysis of the 
different and unusual properties of the 
newly discovered silica-organic com. 
pounds, the silicones, may lead to one 
or more compounds which wil] Zive 
more positive control than presently 
obtainable with phosphates or silicates 
The goal for which the waterworks pre 
fession is striving is the exact answer 
to the question of how much of what 
chemicals must be added to any specifiy 
water to assure control of corrosion jn 
a particular water system. 
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Decher Made Secretary 


The Essex-Union Joint Meeting, a 
important sewer district of New Jer- 
sey, has made Edward P. Decher, se 
retary, succeeding 
Edw. 8. Rankin, 
well known sewer 
age engineer, who 
died March 8th. 


Mr. Decher has 
been affiliated with 
the Joint Meeting 
since 1928 and 
more recently has 
held the position of 
purchasing agett 
and acting chief 
engineer for the commission. He has 
recently been active in the affairs d 
the N. J. Sewage Works Ass’n. 
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Leslie A. Jackson, Manager Little 
x (Ark.) Water Works, has been 
aed Secretary-Treasurer of the 


Southwest Section 
American Wat er 
Works Association, 
succeeding George 
J, Rohan of Waco, 
Tex. A graduate 
of M.LT., Mr. Jack- 
son served in the 
y. $s. Army until 
1919. He the n 
joined the Chicago 
Sanitary District; 
later worked for 
the Pitometer 
Company and in 1922 was engaged by 
American Water Works and Electric 
Co. In 1924 he became Asst. Supt. of 
the Arkansaw Water Co. of Little 
Rock, Ark. In "1936, when the City of 














U-1 Order Materially 
Liberalized 
Eases Restrictions and Revokes Sup- 
plementary U-1 Orders, While Still 
Protecting Water Utilities with 
Priorities 

Consistent with the policy to relax 
controls as rapidly as feasible under 
changing war conditions, the War Pro- 
duction Board has amended its U-1 
Order effective May 12, and revoked all 
of the old Supplementary Orders in the 
U-1 Series. 

Principle changes of interest to wa- 
ter utilities are: 

1. An increase in the limiting ex- 
penditure for minor plant additions 
from $10,000 to $25,000 for materials 
and equipment. 

2, Assignment of preference rating 
AA-1 to all classes of material (the 
transmission and distribution class and 
the meter class, only in case of actual 
or imminent breakdown), if it is to be 
used for maintenance, repair or oper- 
ating supplies or for plant additions 
costing not more than $10,000. 

3. Assignment of preference rating 
AA-3 to material in all classes for 
plant additions whose net cost is be- 
tween $10,000 and $25,000, and to 
materials in the transmission and dis- 
tribution class and meter class not re- 
quired for breakdown, either actual or 
imminent. 

4. Revised restrictions on inventory 
and ordering material. 

5. Change in Qualitative Restric- 
tions on Minor Plant Additions so that 
it is no longer necessary to restrict 
minor plant additions to cases where 
they are necessary to maintain mini- 
mum standards, but they can now be 
undertaken if required to render ser- 


* vie as sound and economical operating 


standards. 

6. Liberalization of restrictions on 
the sale of material. 

7. Revocation of supplementary or- 


ders; the filing of Form WPB-3348 


with respect to extensions to serve 





“Les” Jackson New Secretary of S.W. Section AWWA 


Little Rock purchased this property, he 
became manager for the city. 

Largely through Mr. Jackson’s efforts 
was formed the Arkansas Water and 
Sewage Conference, which he has 
served in all of its offices. 

In 1940 Mr. Jackson was voted the 
Fuller Memorial Award of A.W.W.A. in 
recognition of his contributions to 
water works management and his 
ability in organization and stimulation 
of water works organizations. He is a 
member of A.S.C.E. and the Associa- 
tion of Professional Engrs. of Arkan- 
sas. At the present time in A.W.W.A. 
he is Secy.-Treas. of its Finance and 
Accounting Division and serves on the 
Committee on Fire Hydrant Specifica- 
tions. He is a past-chairman of the 
Southwest Sec. which has grown consid- 
erably as the result of his activities as 
Ch’m of Membership Committee. 


projects which require approval under 
Order L-41 is no longer required in 
view of the revocation of Order U-1-d. 





Preference Rating Order 
P-141 Revised 


Restrictions Relaxed on May 29th 


Preference Rating Order P-141, ap- 
plying to Public Sanitary Sewerage 
Facilities, was revised on May 29, 1945. 
The principal changes were to relax 
the restrictions of the existing order. 
Of most importance was the increase 
from $1500 to $25,000 in the net mate- 
rial cost of sewerage jobs, including 
buildings, which may be built without 
WPB authorization. An AA-3 rating 
and the allotment symbol MRO-P-141 
is assigned for materials for such con- 
struction. Buildings for sewerage sys- 
tems were formerly controlled by Order 
L-41. A revision of that order elim- 
inates any reference to buildings so 
that such construction may be incor- 
porated under P-141. 

The AA-1 rating for materials and 
equipment for MRO purposes remains 
the same, but one important change re- 
lates to the exclusion from the defini- 
tion of inventory, paragraph (a)(11), 
of materials to be used in plant addi- 
tions. The restriction on the use of 
iron or steel pipe for house connections 
(par.g-1) has also been removed. 

In view of the increase to $25,000 
for plant additions, extensions, or bet- 
terments, Form WPB-2445, formerly 
required under paragraph (g) (2) (v) 
is no longer necessary for the types of 
projects described under paragraph 
(gz) (2). 

There are a few other minor changes 
such as the omission of paragraph 
(f) (3) (iii) of the report when deliv- 
eries and withdrawals exceed the base 
period limits due to maintenance and 
repair occasioned by acts of public 
enemy, sabotage, explosion, or by fire 
or flood. 
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George Seabury Passes 


Dies Suddenly on Eve of Retirement 
as Executive Secretary of A.S.C.E. 


George T. Seabury, Secretary of The 
American Society of Civil Engineers, 
for the past 20 years, died of a cor- 
onary thrombosis, on May 25 in New 
York City. 

Mr. Seabury, who was 65 years old 
was to have retired on June 1, to be 
succeeded by Col. William N. Carey, 
Chief Engineer of the Federal Works 
Agency in Washington. 


George T. Seabury 





Mr. Seabury was born in Rhode 
Island, and was graduated with a de- 
gree in Civil Engineering from Massa- 
chusetts Institute of Technology. After 
graduation, he was engaged in con- 
struction work and served several con- 
struction companies in and about New 
York. 

From 1906 to 1915, Mr. Seabury was 
an engineer for the Board of Water 
Supply, working on the Ashokan reser- 
voir and dam, and later on the Kensico 
reservoir and dam near White Plains, 
N. Y. In 1915 he was appointed div- 
vision engineer in charge of an $18,- 
000,000 construction job for the water 
supply system of Providence, R. I. Dur- 
ing World War I, Mr. Seabury was a 
major in the Army’s quartermaster de- 
partment supervising construction of 
several camps. In 1918 he founded his 
own construction firm and in 1923 be- 
came manager of the Providence Safety 
Council. 


Mr. Seabury took office as secretary 
of ASCE on Jan. 1, 1925 and in the 
two decades he steered the affairs of 
the Society, its membership practically 
doubled. During his tenure the So- 
ciety established a full-time office in 
Washington. Mr. Seabury also founded 
ASCE’s technical journal, Civil En- 
gineering. 

George T. Seabury was well known 
to water works and sewerage men 
through his contacts with the Division 
of Sanitary Engineering in the Am. 
Soc. C. E. and his was a familiar face 
at the joint dinners of the Division 
and the N. Y. State Sewage Works 
Assoc. held during the annual January 
meetings of the Society. 
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MAIN CLEANING WITH COMPRESSED Ajp 


Compressed Air Also Used for Removal of Sand from Wells 


ERE in Slater, Mo., we have two 
H miles of 8-in. cast-iron pipe in 

the main which delivers water 
from the two deep wells, located near 
the shore line of the Missouri River, 
and the Water Purification Plant. From 
the purification plant a 12-in. main 
seven miles long delivers the filtered 
water into the city. 

Every year the 8-in. main between 
the wells and the purification plant 
loses some of its carrying capacity 
because of the annular ring consisting 
of silt, iron, ete., which builds up on 
the interior walls of the main. This 
deposit is about the consistency of fresh 
plaster on a wall and about the same 
thickness. 

We cleaned this pipe line once by 
dragging a set of scrapers through it, 
while pumping water through. 


A Trial with Compressed Air 


Then we decided to try cleaning this 
pipe with a mixture of water and air, 
and it worked so well that we have 
cleaned it by this method once each 
year ever since. 

The scheme is very simple. We clean 
a mile at a time. We remove a 4 ft. 
section of pipe for an outlet. We 
pump the greatest volume of water our 





Main Cleaning by the Air-Shooting Method 





By ROSCOE R. HOWARD 


Superintendent 
Municipal Utilities 
SLATER, MO. 





“Thar, She Blows!” 
(A typical air-slug which really 
loosens up things.) 


well pumps will handle, which is ap. 
proximately 500 gpm., and at the Same 
time force air into the pipe from th 
compressor. The combined volume of 
air and water is thus forced through 
the pipe at a rather high velocity, 
The air bubbles seem to join and g¢. 
cumulate to form air pockets of con- 
siderable size. Then, when the heavy 
slugs of water, following these light 
slugs of air, ram against the walls of 
the pipes a considerable force and scoy 
results. Pieces of scale as much as ? 
inches thick and of various widths are 
blown out of the pipe. For the mos 
part, however, the material is broken 
up into very small pieces while travel. 
ing with such speed and turbulence. 


Procedure 


When we clean the two-mile main 
(one mile at a time) we first remove a 
four-ft. section of the pipe at a point 
where it crosses a ditch half way be. 
tween the wells and the purification 
plant. We connect the air hose from 
the compressor to the pipe line near 
the wells. In fact, we use a piece of 
l-in. copper tubing instead of a hose. 
We start the pumps of both wells 
pumping all the water through the pipe 
we can and start the compressor pump- 





(Intermittently a slug of air and little water followed by a water slug and little or no air. The author is in danger 0) 
losing a finger—see what comes out in picture on the next page.) 
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MAIN CLEANING WITH COMPRESSED AIR 




















The Le Roi Compressor Connected to Main with 1-in, Copper Tubing 


(Compressors from 80 to 210 cu. ft. min. capacity have been successfully used 
for the air-shooting operation.) 


ing all the air through the pipe we can. 
After cleaning the mile of main from the 
wells we move the compressor to the 
half way point, open the main at the 
purification plant and clean the last 
half just as before. 


The compressor in the accompanying 
picture is rated at 210 cu. ft. per min. 
We have at different times used one 
rated at 80 cu. ft. per min., one rated 
at 110 cu. ft. per min., and also one 
rated at 160 cu. ft. Each one of them 
did the job, but the larger they are the 
better and faster they do it. 


With the smaller compressors we 
have found it better to have a large 
receiver on the compressor and admit 
the air into the pipe at about one min- 
ute intervals on 30 and off 30 seconds. 
With the larger compressors this in- 
termittent operation is unnecessary. 


An Easy Four Hour Job 
per Section 


The time required with a 210 cu. ft. 
compressor is only about four hours on 
each mile. The water flows about fif- 
teen minutes before the air starts to 
come through, then it starts a sort of 
coughing and sneezing. A lot of air will 
blow out, then a lot of water, rather 
brown and thick, carrying as much as 
10 per cent of its volume of the loosened 
and pulverized scale of iron and silt. In 
about four hours the water flows clear 
again, and the job is finished. 


As to the pictures of the scale chunks 
my guess is that it all started out when 
it broke loose as various sizes of 
chunks, little and big, but in its hur- 
ried journey through the pipe the most 
of it was crushed and ground, so that 
the chunks we recover are only those 
that broke loose within a few hundred 
feet of the open end of the pipe. 


As for the different pictures of water 
and air coming from the outlet, these 





are pictures of the same outlet taken 
within about a minute of each other. It 
naturally works intermittently that 
way—a blast of air for maybe a min- 
ute and then a lot of water with not so 
much air in it. 


Perhaps the effect of the air-water 
method of loosening the pipe scale can 
best be explained as something similar 
to hydraulic-mining, wherein the side 
of a mountain composed of rather solid 
materials can be torn down and sluiced 
away by the high velocity streams of 
water used. In addition, there must be 
a multiple water hammer effect within 
the main, due to the inrush of slugs of 
water following or tumbling through 
the air pockets. This would account 
for the jarring loose of relatively large 
slabs of incrustation. In any event the 
higher the velocity of air-water flow 
through the main the more effective 
and speedy is the cleaning. 
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Removal of Sand from Wells 


One of our gravel wall wells leaks a 
fine sand. When it accumulates in the 
well to a height which is still, several 
feet below the suction pipe on the pump 
it is sucked up into the pump causing 
excessive wear on impellers and bowls. 


We succeeded in removing the sand 
once with a duplex suction pump oper- 
ated by two men with a hand lever, 
while a third man lowered a suction 
pipe slowly into the sand. That job 
took three men three days, and wore 
out six sets of pump leathers. 


Since that time we have cleaned out 
the well once each year with an air- 
lift. The sand, etc., is all removed in 
less than an hour, with no noticeable 
wear on anything. It takes about an 
hour to install the air-lift and about 
the same length of time to dismantle 
it, so the whole job is done in three 
hours instead of three days. The way 
an air-lift works is very simple. There 
are no valves except those in the air 
compressor. You do not need any jet 
or foot-piece for the air-lift. A string 
of 2-in. pipe, open on bottom and top, is 
lowered into the well to the bottom, and 
then raised to just off the bottom. In- 
side the 2-in. pipe a %-in. string of 
pipe carries the air from the compres- 
sor and releases it on the inside of the 
2-in. riser. The air-water mixture 
rises up the 2-in. riser and flows out. 
with considerable agitation and _ ve- 
locity. It is the high velocity which 
brings up the sand and also any small 
gravel that may be there. 


As was stated, this method is a great 
time and labor saving scheme for clear- 
ing deep wells of sand. For the job 
any compressor is sufficient as long as 
it is not smaller than about a 5 hp. 
size. The amount of air that brings up 
the most water is the proper rate of 
air feed for this job. 





Exhibit “A”—Specimens of Encrustation Removed 


(Some pieces measured 2 inches in thickness and 3 to 4 inches in width from 
the 8-in. main.) 
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TRENCHING PRACTICE 


By RICHARD BENNETT, C.E. 
City Engineer 
PHOENIX, ARIZ. 


Part I - Earth Trenching 


TRENCH is an excavation having 
A vertical sides and considerable 

depth in comparison to its width. 
For purposes of this article, it will be 
considered as being 
less than 6-ft. in 
width and not more 
than 30-ft. in 
depth, which per- 
mits excavation by 
modern’ trenching 
machinery. 


Trenches are dug 





for all kinds of 
pipe lines, includ- 
ing water, sewer, 
gas, oil, drains, 
conduits, etc. The 
wae Author large amounts of 


trench excavation 


made necessary by the installation of 
pipe lines, for the various uses, has led 
to many improvements in this practice. 
Many of the early forms of trenching 
machinery such as the traveling derrick, 
the trestle cable excavator, the tower 
cableway, the trestle-track excavator, 
etc., have all given way to the modern 
ladder type and wheel type trenchers. 
Modern trenching machinery was first 
perfected about 1910. They give low 
cost excavation, plus fast rate of prog- 
ress. They are a part of almost every 
pipe line construction job. Except for 
very small jobs, hand trenching labor 
is generally found inefficient and uneco- 
nomical. If the ground is free of large, 
heavy obstructions, and not too hard, 
the modern trencher is very efficient. 
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Parson’s “Trenchliner”’—250—With Offset Boom 
(The boom, now operating at center, may be shifted to any desired position 
across entire width of chute. Thus the trencher may operate on road shoulders, 
in narrow alleys, close to curb lines, buildings, trees etc., without harm or 
difficulty. The spoil bank can be on either or both sides.) 
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Type of Trencher Most Suitable 


The type of trencher to use will de. 
pend upon local conditions. If the trench 
dimensions are small, and much maney- 
vering is required because of restricted 
conditions, then some of the smaller 
trenchers will prove best. 

Many consider the wheel ;¢ 
trencher is a harder digger than the 
ladder type. In hard and tough clays 
for medium depths and widths, this type 
is most efficient. These designs are gen- 
erally limited in maximum widths and 
depths of trenches excavated, the may. 
imum being about 3%-foot width and 
8%4-foot depths. 

Where trenches of greater width and 
depths are involved, the ladder type 
must be used. If stones, not too large, 
are encountered occasionally, the ladder 
type is more efficient to loosen them, 
being partly due to the vibration of the 
boom, whereas the steadiness of the 
wheel type excavator would not accom. 
plish the same result. 

On most of the ladder type trenchers, 
the boom may be telescoped so that the 
depth of the trench may be increased 
or decreased with little difficulty. 

In any case, if the digging is difficult, 
then the high powered types must be 
used. 

Some trenchers are designed for use 
in cramped quarters, such as narrow 
alleys, parkways, close to curbs, build- 
ings or other obstructions, etc. With 
some the boom may be shifted to one 
side so that the trench may be cut 
close to side obstructions. 

Maximum service is desired in a 
trencher. They are subject to hard, 
grueling service, and their design should 
sacrifice nothing which would affect 
durability. 

With modern trenchers the spoil bank 
may be located on either side of the ma- 
chine, or loaded into trucks or on con- 
veyor as desired. The spoil conveyor 
will place the spoil bank back from the 
trench sufficient distance to give a good 
clean shoulder on which the workmen 
are not hindered in laying the pipe. 
When extensions are added to the spoil 
conveyor the desired height of the spoil 
bank may be secured to care for the 
earth from deep trenches. 


Trenching Methods 


If the trench is deeper than the 
trencher will excavate, there are two 
methods which can be used to gain extra 
depth, without undue expense. (a) Ex- 
cavate with scrapers, sufficient depth 
from the surface and the full width of 
the trencher, so that the trencher can 
excavate to desired grade line. Several 
feet of added trench depth can be se- 
cured in this manner. The spoil con- 
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rucks as desired. (b) Under 
bank easene, it is possible to remove 
ae oes feet of earth below the 
noe Oe cut, and throw the spoil back 
eager already laid in place. Using 
~ workmen, one with air spade and 
= other to shovel, this work can be 
ae at a rather rapid rate of progress. 
Using the combination of these two 
methods, several added feet of depth 
ean be economically secured. 
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Estimating Practices in Trenching 


The trenching contractor is beset with 
many difficulties and uncertainties, 
therefore estimates must allow for 
many unpredictable contingencies. It is 
impossible to know exactly just what 
will be encountered until the trench has 
been excavated. The trenching esti- 
mator must judge many factors to the 
best of his ability. 


A visual survey of many jobs will 
enable the estimator to determine, with 
reasonable accuracy, whether the job 
will present many interruptions; on the 
other hand, too much dependence must 
not be placed on such surveys in built- 
up areas. Questions concerning wells, 
excavations, etc., made previously in 
the area will reveal many facts. Many 
pipe line contractors have suffered great 
losses by not familiarizing themselves 
with the underground conditions to be 
encountered. 


Much experience is required to prop- 
erly estimate different conditions and 
proper methods of pipe line work. Some 
estimators estimate the job as close as 
existing data will permit, then add a 
percentage for uncertainties—a method 
but little better than a shrewd guess. 
The estimator who can accurately de- 
termine costs on two or more methods 
for the same job, is worthy of his hire. 


In pipe line construction, the cost of 
trenching is usually the major item, de- 
pending upon digging conditions. The 
kind of earth involved makes much 
difference in the unit costs. These costs 
increase according to the types of earth 
somewhat as follows: light earths and 
sand; loam and light clays; dry, hard 
loams and tough clays; dense and tough 
adobes; coarse gravels, cemented 
gravels; hard caliche; and disintegrated 
granites. All these materials produce 
different unit costs. 


Labor Costs 


Labor costs are not materially in- 
creased with the light earths, sand 
loams and clays, but such costs are in- 
creased with the tough, dense clays, 
adobes, varying with the amount of pipe 
bedding required. Mud, especially if 
it is sticky will greatly increase costs. 
Unforeseen conditions, such as solid 
rock, boulders, water, caving soil and 
even quicksand conditions will greatly 
increase costs. 


_The estimate must include: excava- 
tion, sheeting, backfilling, equipment 
rental; moving to and from job; and if 
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water is likely to be encountered, then 
an allowance must be included for water 
pumping and disposal. 

The labor expense will include fore- 
men; machine runners, helpers or 
swampers; pipe layers; laborers; tim- 
bermen; backfillers; as well as extra 
roustabouts. The cost of superintend- 
ence and supervision can generally be 
estimated as a percentage of the pay- 
roll. 


Fixed Costs 


Fuel, supplies, and equipment repairs 
will generally be a large item with most 
jobs. To determine the fixed costs per 
day, the contractor must make assump- 
tions which are later adjusted in the 
light of actual facts. Some depreciate 
trencher equipment at 60 months total 
life; however, many individual pieces of 
equipment have lasted both much longer 
and even shorter time than this. Some 
authorities estimate yearly costs of this 
equipment somewhat as follows: depre- 
ciation 20%; repairs 18%; interest, in- 
surance, and taxes 7%; miscellaneous 
4%. Total fixed charges per year—ap- 
proximately 50% of original cost of 
trencher. The total fixed costs per year 
divided by the units of work performed 





gives the actual job cost for using that 
particular machine. 

About 4% of the payroll should be 
charged for small tools. Miscellaneous 
materials required for the work as the 
job progresses will generally average 
about 1% of the payroll. Small jobs, 
unless the management is excellent, will 
produce high unit costs. 


Daily Cost Analysis Important 


The cost analysis of trenching for 
every job should show the width and 
depth of trench; type of soil; the total 
footage excavated; the number of cubic 
yards excavated; the total overhead and 
operating expense of the trencher; the 
daily expense of trenching; the footage 
expense of trenching; and the cubic 
yard expense of trenching. 


The unit costs should separate exca- 
vation; pipe laying; back-filling; clean- 
ing up, moving to and from job; and 
overhead. The analysis should show 
minimum, average, and maximum day’s 
work and reasons, together with aver- 
age of all items for the entire job. 
These data, kept up daily, will show and 
determine all leaks and losses on the 
job. 


























Cleveland Trencher 
(Cutting through a soft-rock formation in Texas called the Austin Chalk. 
Note the clean cut made. Trenchers of the ladder type are also good in shale, 
consolidated gravel and all but hard solid rock.) 
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Part II - Rock Trenching 


What was said in Part I on trench 
excavation in dirt, may also be almost 
wholly applied to trenching in rock. 
Rock trenching is a time and labor 
consuming proposition. The fact that 
it is not often encountered probably 
accounts for the great variation of 
methods adopted on different jobs. 
The technical literature contains al- 
most nothing on this subject. Ask the 
manufacturer’s blasting experts and 
they merely say, “I will get you some- 
thing on that.”’ Period! 

System Lacking in Rock 
Trenching 

Most rock trenching jobs have little 
or no system, Costs are high; progress 
is slow; and those in charge make little 
or no endeavor to find the most eco- 
nomical method for that job. 

In rock trenching the quality and 
quantity of the rock will generally de- 
termine the proper method of excava- 
tion. For economical work it is neces- 
sary to give much thought and atten- 
tion to the job methods. 

The types of rock encountered may 
vary from hardpan to dense, tough 
granites; each will require a different 
method of drilling and shooting. 

There does not seem to be any cur- 
rent standard practice in the spacing 
of drill holes. Each foreman seems to 
have his own pet ideas—very few of 
which would stand much investigation 
from an efficiency viewpoint. 

Proper spacing of drill holes will de- 
pend on the nature of the rock and local 
conditions, but cut and try methods 
must be utilized to ascertain the most 
economical method. 





(Buckeye also makes a wheel-type trencher satisfactory for water-line trenching, requiring less depth and permissive of 
faster travel where the going is easy.) 
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Drilling Requirements 


The number of feet of hole to be 
drilled per cubic yard of rock to be ex- 
cavated will vary greatly with different 
jcbs, conditions, and job methods. Spac- 
ing will depend upon nature of the rock 
and width of trench. Properly determ- 
ining this factor requires much ability 
on the part of the job manager. This 
determines ultimate unit costs. 

For average rock the following table 
may be used to determine trial hole 


spacing: 
Width of trench Number of rows 
(feet) of holes 
But tid vale wwe ys ene 2 
Pa ta lay tte en i al wa ae 3 
ee eee” 4 
ae ee 5 
| ee Oe 6 


The outside row of holes should be in 
line with the trench wall. It is seldom 
that cross-trench hole spacing greater 
than 3-ft. can be successfully used. At 
times the longitudinal spacing can be 
increased to 4-ft. or even slightly more, 
especially in the wider and deep 
trenches. The greatest economy is se- 
cured in using maximum depth for 
holes. 

The necessity for protecting adjacent 
structures, whether underground utili- 
ties or nearby buildings, will influence 
drill hole spacing. 

If power excavation equipment is to 
be used, it is seldom possible to blast 
a single line of holes down the center 
of the trench. With but one line of holes 


too much projecting rock remains tp 
be loosened by prying and barring } 
hand methods—thus greatly increasin 
costs. R 

Care must be taken to keep the drill 
holes clean until they are loaded, If 
the hole contains debris or water, this 
is best removed with compressed air 
Ice frozen holes may be cleaned out 
with steam; this also warms the hole 
sufficiently so that the explosive wij 
not freeze. A wooden plug should be 
driven into each hole as soon ag the 
drilling is completed, to keep out ex. 
traneous materials; this plug also aids 
in finding the hole later. 


Proper Quantity of Explosives 


Determining the proper amount of 
explosive to use will require trial and 
error determination. Experience ang 
good judgment helps very much. In any 
case carefully kept notes and records 
are of immense value. 

In trench blasting only one narrow 
face is open, therefore more explosive js 
required than for open surface blasting, 
The amount and strength of dynamite 
to properly use will depend upon all the 
factors mentioned for spacing of drill 
holes. The amount of explosive required 
per cubic yard of rock removed will 
depend upon the nature and type of 
rock and the method adopted. The 
amount of explosive per hole may be 
limited by the necessity for controlling 
flying rock; excessive noise or vibra- 
tions; and danger to nearby under- 
ground utilities or adjacent structures 
of any nature. 








Buckeye Model 120 Trencher 
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te is generally used for trench 
blasting; the grade used depending up- 
on the type and quality of rock encoun- 
red. The quantity required may range 
aoa about %-lb. per cubic yard in soft 
sandstone to 8-lbs. or more in the hard 
; ks. 
eet rocks and formations do not 
blast alike to meet given conditions. The 
specifications for the work may limit 
the amount and kind of blasting that 
may be done on the job. Oftentimes 
blasting is restricted due to local con- 


ditions. 
Selection of Proper Explosives 


The type of explosive to use will de- 
pend upon the type and quality of the 
rock; local conditions; etc. The great- 
est waste in explosives, is in using a 
grade or type not suited to the job at 
hand. A low grade of explosive should 
be used for soft, weathered rock; to 
use high grade explosive here, is to 
waste much of the explosive energy. 
High power explosives lack propelling 
power when used in blasting soft rocks. 

Too many use only one type and 
grade of explosive—generally 40 per 
cent strength. This is poor economy. 
Some arbitrarily use 60 per cent to 
secure sufficient shattering and also to 


Dynami 


loosen rock bound in place. If the rock 
is not shattered sufficiently, then a 
higher grade should be used. If the 


rock is shattered too much, then a lower 
grade should be adopted for the job. 

A high power explosive should be 
used for hard, firm rock. If the bot- 
tom of the hole does not shoot properly, 


- 
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A Well Braced Trench 


then it may be best to use a high grade 
explosive at this point. In such cases 
place the firing charge at the top of 
explosives so that the explosive gases 
will tend to concentrate at the bottom 
of the hole, thus producing greater rup- 
ture at that point. 

Sufficient shattering must be secured 
to permit easy removal of the rock from 
the trench. It is not possible to use 
ladder type of trenchers for rock 
trenching, except in the very soft for- 
mations. A pull shovel or trench-hoe 
may often be used to good advantage 
in rock trenching. 


Rock Excavating Equipment 


In shallow trenches the rock may be 
removed by hand. For hand excava- 
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tion the rock must be broken into small 
pieces either by blasting or subsequent 
breakage. 

For deep rock trenches the use of 
drag line or pull-shovel is most eco- 
nomical. These types of equipment are 
well suited for this work. The rock 
must be thoroughly broken up, and the 
walls sufficiently straight not to hang 
up the shovel. Rocks too large to be 
removed by the bucket, should be 
hoisted from the trench with chains. 

Limestone is easily drilled. It is occa- 
sionally found in horizontal layers, and 
may be blasted like building stone. In 
seamy femmations, the holes must be 
closely spaced to retain the force of the 
explosion. Seamy rocks permit the ex- 
plosive gases to escape and the full 
effect is not retained in shattering. 
Seamy rocks, lying at an angle cause 
the drills to stick and bind in the hole. 
Relatively smooth and straight walls 
may be secured in blasting soft sedi- 
mentary rocks. 

Granite and igneous rocks break out 
in rough, irregular walls. If the holes 
are thoroughly and tightly tamped, 
then the explosive will give most ef- 
fective results, due to confining the ex- 
plosive gases. Trap and quartzite are 
generally difficult to drill. 

Two factors should be kept in mind 
at all times in rock trench excavation; 
the number of feet. of hole drilled per 
cubic yard of neat excavation; and, 
the amount and strength of dynamite 
used per cubic yard of excavation; both 
of which sum up to: cost of breaking 
up the rock for satisfactory removal. 
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Koehring’s Trench-Hoe 


(A rugged piece of equipment, useful where the going is tough—boulders, hard shale, blasted rock, etc.) 
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A NEW DEVELOPMENT 
IN SLUDGE METERING 


Proves the Solution of a Major Problem 


Greeley & Hansen, Engineers, 
New York City and Chicago, in 
an important article “Problems in Han- 
dling Sewage 
Sludge” in the Jan- 
uary issue of 
Water Works 
and Sewerage, de- 
votes a section to 
“Metering.” Brief- 
ly, his conclusions 
are: (a) The Ven- 
turi tube is the 
most satisfactory 
sludge metering 
unit, even though 
“accuracy cannot 
be expected”; (b) 
the annular piezometric rings easily be- 
come plugged with solids and one or two 
openings direct to the interior of the 
tube are more satisfactory; (c) special 
cleaning and flushing devices are help- 
ful; (d) even though not very accurate, 
a meter on sludge is worth while since 
it gives at least some measure of the 
flow rate, indicates any sharp drop in 
the rate due to line clogging or valve 
obstruction; also informs the operator 
when he starts a pump, whether sludge 
is actually discharged and, if not, the 
importance of immediate investigation 
of pump valves or other possible sources 
of trouble. Mr. Velzy remarks further 
that the handling of sludge is always 
troublesome and that meters, like other 
units, must have routine attention by 
daily flushing of connections and fre- 
quent cleaning of the meter itself. 
The writer subscribes to many of Mr. 
Velzy’s comments; but, at the same 
time it should be said that numerous 
Venturi meters, where properly in- 
stalled, are measuring sludge flows ac- 
curately. The majority of these are on 
activated sludge and generally employ 
the familiar “water column operation,” 
i.e., two vertical pipes ten or twelve 
inches in diameter, one connected di- 
rectly with the inlet and the other with 
the throat of the Venturi tube, and each 
containing a float which is cable-con- 
nected to a differential gear mechanism 
in the registering instrument. A small 
stream of clear water is continually in- 
troduced at the top of each pipe, creat- 
ing a backflow into the Venturi tube 
and maintaining all connections free 
from deposits. 


rs R. VELZY, C. E. of 
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A Recent Development 
in Sludge Metering 


As Mr. Velzy points out, it is the 
handling and measurement of primary 
sludge which presents the most serious 
difficulties. This also can be success- 
fully accomplished with proper flush- 
ing; it requires, however, a much 
different type of installation. The con- 
tinuous injection of a stream of water 
into the Venturi tube and its connec- 
tions is not new, but in a recent devel- 


SIGHTFLO SERICATONS 











\NLET AND THROAT PRESSURES TO INSTRUMENT 


opment “something has been addeq” 
which makes certain that under no con. 
dition can sludge creep into the small 
piping or the metering units. At the 
same time inaccuracies, caused by in. 
flowing water modifying the two pres. 
sures from the inlet and throat of the 
Venturi tube, are averted. Several jn. 
stallations of this type by the writer’s 
company, have been trouble-free and 
accurate in performance for many 
months. Settling tanks between Vep. 
turi tube and the indicating and re. 


A- SPECIAL } CHECK VALVES 
B - GATE VALVES 
C - NEEDLE VALVES 





Fig. 1—Piping Assembly for Controlled Water Injection Through Sightflo In- 
dicators and Special Check Valves into Venturi Tubes 
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Fig. 2—Sketch Indicating How Controlled Water Injection System Functions 
With Changing Flow Rates Through Venturi Tubes 
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se ment are no longer re- 
— bent, these tanks furnish 
r artial protection and are apt to 
oo azlected because of the disagree- 
ohle task of keeping them cleaned out. 


Figure 1 shows the piping assembly 


. The two pressure pipes (in- 
one cont) contain check valves 
iA and A), gate valves (B and B), 
cede valves (C and C), a common 
water supply at D and two Sightflo In- 
gicators, the locations of which are in- 


dicated by arrows. 


The check valves are of special con- 
struction with lapped seats; the Sight- 
fo Indicators are of a new design and 
permit the injection water rate to be 
set by observing the height of a rotat- 
ing float. The reading is taken on an 
adjacent scale and is usually about one 
quart per minute through each line, as 
regulated by the needle valves (C and 
¢). It is not essential that the rate 
through each be exactly equal as a 
small difference in the two velocity 
heads does not affect the true differen- 
tial between inlet and throat pressures. 
Once the rates are established, only in- 
frequent resetting is required. 


n 


The rate of flow through the Venturi 
tube may, of course, change from time 
to time. Suppose the rate decreases; 
this is accompanied by an increase in 
pressure at the throat and, referring 
to Figure 2, the check valve immedi- 
ately closes to prevent the entrance of 
sludge into the piping system. At the 
same time, the pressure from the in- 
jection water supply builds up in that 
branch until the pressure balances the 
throat pressure and the check valve 
begins to raise off its seat. The true 
throat pressure, therefore, is thus 
established in the U-tube mercury col- 
umn (illustrating the differential mer- 
cury column of a recording instrument) 
and the differential head H has become 
the true differential between inlet and 
throat. 


A Year of Service Experience 


For about a year there has been an 
installation of this improved meter for 
measuring the flow of primary sludge 
into the digesters of the Cranston, R. I., 
sewage treatment plant. Figure 3 shows 
this installation. Here air relays (not 
shown), mounted below the Venturi 
tube, transmit the inlet pressures by air 
to the distant recording instrument. 
Previous to the installation of the new 
system, piping connections and air re- 
lays had to be cleaned on the average 
of two or three times a week. Now at 
no time is cleaning necessary. The 
answer to whether the meter is per- 
forming accurately is found in the 
routine monthly comparison between 
the volumetric displacements in the two 
digesters and the meter readings as 
shown by the following typical itemiza- 
tion of three months’ operation, Octo- 
ber 2, 1944 to December 29, 1944. The 
primary sludge, grease and scum all 
pass through the 6-in. Venturi (throat 
diameter 2% -in.) to two digestion tanks. 


A NEW DEVELOPMENT IN SLUDGE METERING 








Fig. 3—Installation of Improved Water Injection System in Service on Sludge 
Meter at Cranston, R. I. 


(Note Sightflo Indicators on flushing water lines near bottom of picture.) 


The withdrawal from the latter is com- 
puted daily by observing the drop in 
elevation of the floating covers as the 
result of sludge withdrawal. 

The photograph shows the Venturi 
Tube, Sightfio Indicators, Check Valves, 
and piping assembly at the Cranston 
plant. The Air Relays are at a lower 
elevation. 

It will be observed that the Venturi 
tube is provided with the usual annular 
pressure chambers at inlet and throat. 


It is of special significance, therefore, 
that when the chambers are drained, 
(only once every six months), they are 
found to contain but a trace of sedi- 
ment. In other words, it would seem. 
established that the advantage of mul- 
tiple vents at the inlet and throat, made 
possible by the annular rings, can thus 
be retained even in the measurement of 
primary sludge. 





Meter 

Primary Flushing 
Sludge Grease Scum Water Gallons 
695,370 + 33,710 4 133,100 4 50,688 = 912,868 
Rainfall, 14.10” (from weather bureau records).............. 34,500 

Displacement of difference in elevation of covers at end and 

SE: Te, iii is bien owe erenernn eee pear ee eee eee 32,781 
980,149 
Total outflow, supernatant and digested sludge.............. 965,646 
ee ee eee 14,503 


Or 1.5% for the 3 months. 


*As computed from changes in tank cover 


elevations during withdrawals. 
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FLOW & DEPTH IN CIRCULAR CHANNELS OR CONDUITS 
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Fig. 1.—Flow in Circular Channels. 
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IG 1, “Flow in Circular Channels,” 
F introduces an extremely useful 

solution of Manning’s Formula in 
terms of Q, n, s, diameter and depth. 

The designer may enter this chart 
with any of these variables and study 
the problem. It is no longer necessary 
to compute the full capacity first, as is 
currently the practice, and later use 
the proportional chart or tables to com- 
pute fractional flows. 

The simplicity of the nomograph is 
due to the calculation by the writer of 
a factor which will be called the Cir- 
cular Depth Factor. The equation 
shown on the chart was obtained by 
substituting the elements of a circular 
section in Manning’s Formula and 
mathematically eliminating the terms 
area and hydraulic radius. Calculation 
of the numerical value of the last term 
of the equation (in brackets), the Cir- 
cular Depth Factor for definite ratios 
of h/D from 0.10 to 1.00 produced a 
table of values which were graduated 
on the scale (4), the position of each 
being indicated by its h/D ratio. 

Students of hydraulics will recognize 
the significance of the upper range of 
this h/D scale, which folds back on 
itself. The value 0.90 has no practical 
use and was included purely to com- 
plete the scale. It shows graphically 
that the flow is practically the same at 
0.80 and 1.00. 


Some Uses for the Nomograph 


To extend the range of n, a scale of 
n values was placed near the bottom of 
the Q scale, 0.013 being placed opposite 
1 cfs. It takes only a few moments to 
copy one cycle of the Q scale on the 
edge of a sheet of paper. This may 
then be placed on any cycle and moved 
up or down in accordance with the di- 
rections shown on the chart. 

As the exceptionally large range of 
the variables includes most of the field 
of circular channels, only a few of the 
important uses for the nomograph will 
be noted. 


Shoecraft, Drury and McNamee, Engrs.. 
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The free-board in_ semi-circular 
flumes can be determined for any capac- 
ity within the size of the flume. 

Prefiling of hydraulic gradients is 
greatly facilitated. 

Storage capacities above given flows 
can be quickly determined. 


Discharge, Area and Velocity in 
Partially Filled Circular Conduits 


Fig. 2, “Discharge, Area and Veloc- 
ity in Partially Filled Circular Sec- 
tions’, solves the two formulas, Q=AV 
and A=xD’, A being common to both. 


Velocity for problems in which Fig. 
1 is used can be quickly determined by 
using the same values of Q, D and h/D. 
A seale for Velocity Head is placed on 
one side of the velocity scale (5). In 
this case it is not necessary to note the 
area, but merely use that line (3) as 
the pivot line. 

The formula Q=AV can be used for 
sections that are not circular in shape 
—square or trapezoidal for instance.* 

The formula A=xD’* may be also 
used to find the volume of horizontal 
circular cylinders for various depths. 

Separately, the two charts offer com- 
pletely independent equations, but, to- 
gether, they solve Manning’s Formula 
for all the fundamental variables en- 
countered in circular sections. These 
are (Q, n, s, D, h/D, A, V) and 
Velocity Head. 


Solution of a Typical Problem 


The solution of a typical problem is 
carried through both charts. To find 
the depth of flow and velocity when 
n=0.013, Q=30 cfs, D=60 inches and 
s=1.6 ft. per 1,000 (0.16 per cent). 

On Fig. 1, find h/D to be 0.372. Then 
depth of flow (L)=0.372x60=22.3 
inches. 

On Fig. 2, using the same Q, D and 
h/D=0.372, find the velocity to be 4.5 
feet per second. 











*{Ed. Note: Trapezoidal channel prob- 
lems are easily solved by a nomograph de- 
signed by Mr. Albert, which will appear in 
an early issue.] 
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Fig. 2.—Discharge, Area and Velocity in Partially Filled Circular Sections. 
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AST month we said that one way 
for an association to maintain its 
meetings and still not violate 


L 


ODT restrictions was to hold section 
meetings. Shortly thereafter we learned 
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of another way, for we were one of 
less than fifty persons who journeyed 
by train to Boston to attend the Spring 
Meeting of the New England Sewage 
Works Association. We didn’t make 
use of a hotel room, and according to 
our count there were less than fifty 
persons attending that meeting who 
signed the hotel register. 


Now that is not to say that there 
were less than fifty persons attending 
the meeting. No, there were more than 
twice that number who registered for 
the meeting, but most of them were 
within commuting distance of Boston. 
Had there been no travel restrictions, 
no doubt the registration would have 
been more than four times fifty. Maybe 
the NESWA will hold another meeting 
in the Fall in some other location 
where many others of its membership 
of 180 will be able to attend without 
burdening either the hotels or the rail- 
roads. 


Porous Tube Air Diffusers 


Considering the program that Secy. 
Le Roy Van Kleeck had lined up, it is 
apparent that many members of the 
NESWA stayed away for patriotic 
reasons for the program was a natural 
to draw a crowd. Beginning with 
Frank Roe, of The Carborundum Co., 
and ending with a group discussion the 
meeting never lost pace. . 


Mr. Roe began his talk with a review 
of the history of porous air diffusers 
and mentioned, among other things, the 
early theories calling for small bubble 
formation, the porous-tube patent of 
Link-Belt which operates as an air lift 
to move the bulk of the water, the Chi- 
cago Pump diffuser tube, the variation 
in the location of the plates to reduce 
the head, and so forth. 





NEW ENGLAND S.W.A.'S 
SPRING MEETING 


There are now some 400 diffused air 
installations in the country of which 
nearly fifty per cent utilize porous 
tubes. In the last five years over 80 
per cent of the installations have been 
tubes rather than plates. 


Developments of porous tube equip- 
ment have taken two general courses, 
(1) improvements to increase efficiency 
and (2) improvements to simplify 
servicing. 

Early designs utilizing tubes sus- 
pended parallel with the tank axis usu- 
ally required more air for a given re- 
sult than did diffuser plates. This was 
probably due to the comparatively nar- 
row stream of air bubbles rising above 
the diffusers and being forced against 
the tank wall by the circulating current. 

The inefficiency of this tube design 
led to the Chicago Pump Co. develop- 
ment, wherein the tubes are located at 
right angles to the tank axis to give 
the so-called wide band of freely rising 
bubbles, which provides good aeration 
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at low air requirements. These tubes 
also have a control orifice in each tube 
adaptor to assure proper distribution 
of air to each tube, thus eliminating in- 
dividual valves required with early in- 
stallations. 


Improvements in Tubes 


One of the first improvements to re- 
duce or simplify diffuser servicing was 
the change from “fine” to “medium 
coarse” grade of diffusers, the change 
applying to both plates and tubes. As 
to accessibility for cleaning, the tubes 
obviously were easier to reach, but 
even this advantage was greately im- 
proved with the introduction of the 
Chicago Pump Co. “Swing Diffusers”, 
which could be brought right up to the 
walkway. 

Within the past year The Carborun- 
dum Co. has developed a new light 
weight porous tube for these swing 
diffusers, thereby permitting an in- 
crease in the number of tubes that each 
swing unit can handle. 








Advantages of Diffuser 
Tube Aeration 


Mr. Roe listed the following ad- 
vantages of porous tube diffusers, par- 
ticularly the wide band type, as op- 
posed to horizontal plate diffusion, 
pointing out that the comparisons were 
not being made with the vertical plate 
diffusers of the Piatt patent, now held 
by Pacific Flush Tank Co. 

1. Contact volume of the rising 
stream of air bubbles from tubes is 
more than twice the volume obtained 
when plates are used. 

2. The detention time of the air 
bubbles in the sewage is greater with 
tubes than with plates. 

8. There is actually a better tank cir- 
culation with the wide band aeration 
obtained from the tube diffusers, the 
air lift effect being over a wider area 
so that the entire tank contents are 
moved more uniformly. 

4. The modern tube diffuser system 
eliminates center coring in aeration 
tanks, for all” practical considerations 
for a greater volume of tank contents 
is constantly rolling. 

5. The location of the tube diffusers 
approximately two feet above the tank 
bottom saves from seven to ten per 
cent on blower power requirements. 

6. The vertical flow of mixed liquor 
passed suspended diffuser tubes pro- 
vides a better “wiping” action, result- 
ing in.small bubbles while release of 
bubbles from horizontal plates depends 
to a large extent on overcoming sur- 
face tension. 

7. As there is an increase in rate of 
diffusion from tubes there is little 


tendency for an increase in the coal- 





Supernatant Operation Charts 
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Pacific Flush Tank 
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escing effect, because the effective area 
will increase with the increased flow 
of air due to the slight difference in 
head between the top and bottom of 
the tube. With horizontal plates the 
effective area remains constant and an 
increased flow of air means increased 
bubble coalescing effect. 
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8. In consequence of the above phe- 
nomenon, plus the fact that the air 
stream from modern diffuser tube 
equipment is unrestricted, rates of air 
diffusion can be higher from tubes. 


For design purposes a 24-in tube, 2% 
to 3-in. in dia. will provide 6 cfm. of 
air, while plate diffusers are designed 
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on the basis of only 3 cfm. per sq. ft. 


maximum. 
Diffuser Tube Specification 


Mr. Roe believes that present speci- 
fications are confusing in that they do 
not tie in permeability with wet pres- 
sure loss which is the important fac- 
tor, especially with orifice control. 


The present dry permeability test is 
the only practical means of checking 
the unit in the manufacturers’ plant, 
but permeability is inversely propor- 
tional to wet pressure loss and while 
this gives uniform characteristics, it 
does not insure that plates made by 
one factory will have the same charac- 
teristics as those made by another. Mr. 
Roe proposes the following specifica- 
tion: 


Permeability and Head Loss 


To assure uniform tube operating char- 
acteristics the selection of the tubes at the 
point of manufacture shall be controlled on 
the basis of the permeability test. The 
manufacturer shall establish the permeabil- 
ity which he will use to produce tubes 
which will be acceptable on the basis of 
the head loss specifications below, and all 
tubes shall be rejected which do not fall 
within the maximum allowable deviation of 
plus or minus 10 per cent of the mean per- 
meability which has been selected. 


The diffuser tubes shall have a head loss 
such that when they are tested submerged 
in water, with a temperature of 70° plus 
or minus 2° and with air at a temperature 
of 70° F. plus or minus 5°, the head loss 
through the diffuser tube and adapter to- 
gether with the flow controller or orifice 
which go to make up a diffuser tube as- 
sembly shall not be more than —— in. of 
water pressure at a flow rate of 4 cu. ft./ 
minute per tube, nor more than —— in. of 
water pressure at a flow rate of 8 cfm per 
tube 


The head loss test shall be conducted on 
ten tubes selected at random from each 
batch of 1000 tubes which have been ac- 
cepted from the tube manufacturer on the 
basis of the permeability control test as 
outlined above. If the tests indicate that 
one or more of these tubes are not accept- 
able on the basis of the head loss determi- 
nation, 10 per cent of the batch shall be 
tested and if 10 per cent of these are not 
acceptable, the entire batch shall be tested 
for head loss and the additional cost shall 
be borne by the contractor. 
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Operation Charts 


“Human nature comprehends pictures 
or graphs better than tables or words”, 
according to W. Vincent Barry, City 
Engineer, New Haven, Conn., who pre- 
sented a paper on “Sewage Treatment 
Plant Operation Charts.” With this 
idea as his thesis, Mr. Barry presented 
various kinds and types of charts, and 
graphs which he has developed and 
used in the New Haven plant. 

The advantage of good records or 
charts is evident when, as in one case, 
it was possible to trace the reason for 
the inability to maintain a chlorine 
residual at certain hours of the day. 

In order to adequately visualize op- 
eration of the plant Mr. Barry had 
plotted step line graphs of the monthly 
averages of data for four year periods 
and then had made a template which 
may be moved to make visible the com- 
parable month in each of four years. 


One of the features of these charts is 
the plotting, on the same chart, of items 
that are interrelated, or correlated, as 
for example, maximum flow, total flow, 
suspended solids, and pounds of solids. 
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On another sheet are sludge pumped, 
per cent dry solids, ferric chloride and 
lime dosages, filter yield, moisture in 
sludge cake, and total pounds of sludge 
cake. 

From these graphs it is possible to 
see at once whether operation has been 
proper and efficient, and to make cor- 
rections in plant control if it has not. 


Small Sludge Elutriation Plants 


If vacuum filtration of sludge is ad- 
visable, so too is elutriation of sludge, 
regardless of plant size, according to 
Albert L. Genter, Cons. Engr., Balti- 
more, who talked on “Small Sludge 
Elutriation plants”. 

Pointing out that the same elutria- 
tion plant will serve a population of 
20,000 if operated 20 per cent of the 
time, 40,000 if operated 40 per cent of 
the time, and 70,000 if operated 70 per 
cent of the time, Mr. Genter, said that 
the flexibility of capacity was import- 
ant to the design, and made it easy to 
plan for expansion if needed. 

The economic returns from elutria- 
tion are dependent on the price of 
chemicals in the locality, the type of 
sludge, and the size of plant required. 
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Factors to be considered in 
for elutriation are, 


1. Kinds of digested sludge, 


2. The washing method, whether 
counter current, single or two Stage, 

3. Continuous or intermittent Oper. 
ation. 

Metering of sludge and wash water 
is important, but Venturi meters are 
not for small plants. A volumetrie 
feeder is preferrable for feeding ferric 
chloride. If possible combine two stage 
counter current for the best results, 
Install tanks near the vacuum filters 
to save piping. 

Mr. Genter showed several slides de. 
picting how it is possible to obtain flex. 
ible operation of sludge elutriation jp 
small plants and the many advantages 
accruing therefrom. 


Planning 


Symposium on Supernatant 
Liquor 


Leading off with a paper, written by 
C. V. Erickson, Research Dept. of Pa- 
cific Flush Tank Co., Leonard L. Lang. 
ford, Eastern Sales Mgr. of the Com- 
pany, opened the afternoon symposium 
on “Treatment and Disposal of Di- 
gestion Tank Supernatant Liquor.” 

Supernatant liquor being the liquor 
that must be displaced from a digestion 
tank when sludge is pumped into it, 
then it is obvious that the amount of 
such liquor will depend on the concen- 
tration of the sludge pumped. A two 
per cent solids concentration of mixed 
primary and activated sludge would 
have a volume three times as great as 
a six per cent sludge. 

Control of the duration and fre. 
quency of raw sludge pumping can ac- 
complish much to limit the amount of 
excess liquid entering the digestion 
tank. From an ideal viewpoint, fre- 
quent pumping of small amounts of 
thick sludge is desirable, but prac- 


tically it is better to remove as much 
primary sludge as possible to prevent 
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septicity. Therefore attempts to limit 
water entering the digester will of 
necessity follow an intermediate pro- 
cedure between these two. Frequent 
sampling during pumping is advisable 
to ascertain the consistency of the 
sludge being pumped. 

As an example of the effect of control, 
Mr. Langford cited Aurora, IIl., where 
an increase of sludge concentration 
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from 3.5 to 5.2 per cent resulted in an 
increase from 38 to 49 days in the dis- 
placement period in the digester. Con- 
centration units between the digester 
and the settling units are an advantage 


in thickening raw sludge. 
Definition of Supernatant Liquor 


Mr. Langford indicated that there is 
some disagreement as to what super- 
natant liquor is, particularly inasmuch 
gs the dictionary definition doesn’t 
seem to exactly fit the conditions which 
exist in the digestion tank. Messrs. 
Langford and Erickson object to the 
common viewpoint that supernatant 
liquor is “anything taken out of a di- 
gestion tank that is not sludge, scum, 
or gas,” and they look sidewise at the 
definition which says that “supernatant 
liquor is the layer between the sludge 
and scum.” Definition according to 
characteristics of the liquor has both 
advantages and disadvantages, but the 
idea that supernatant liquor is the 
thinnest liquid in the tank is difficult 
to reconcile with conditions. 


These authors propose a definition 
which defines supernatant liquor as hav- 
ing the following characteristics: 


1. Total solids content less than 10,000 


ppm. 


» Not less than 60 per cent reduction in 
volatile solids content of the raw sludge 
on the dry basis, or having not more 
than 50 per cent volatile matter in the 
solids. 

Volume of suspended solids occupying 
not more than 50 per cent of the orig- 
inal volume after one hour's quiescent 


settling. 


(While this reporter is a purest in 
the matter of many definitions, he can 
not forget that as far as the operator 
is concerned it matters little what you 
call it, how you define it, or what is in 
the liquor—if one pumps sludge into 
a digester, there must be some liquor 
removed. How much and what is in it 
depends on the time, the place, and the 
sludge, and if an operator’s records 
have a column for supernatant liquor, 
he is not likely to find it either feasible 
or convenient to run tests to ascertain 
whether the liquid meets an arbitrary 
definition. From a purest’s point of 
view it is far better to call the liquid 
simply “digester overflow liquor” for 
strictly speaking that is what it is, re- 
gardless of what it contains.) 


In the matter of removing this super- 
natant or digester overflow liquor, 
Langford suggests that multiple draw- 
off pipes are better than a single out- 
let, but even this is not flexible enough. 
Multiple digesters likewise reduce the 
solids content of the final supernatant 
liquor. Best solution to the with- 
drawal problem is a supernatant selec- 
tor, a slotted vertical withdrawal pipe 
which allows continuous withdrawal at 
low rates and from locations where the 
solid content of the liquor is the low- 
est. Control of the withdrawal is by 
orifice and sight glass and at one plant 
ina 95 ft. digester, the rate is as low 
as 27 gpm. 
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Treatment of Supernatant Liquor 


Among the various methods of treat- 
ing supernatant liquor Langford and 
Erickson list the following: Return to 
the treatment process, usually ahead of 
the primary units; discharge to drying 
beds; chemical coagulation and settling; 
sedimentation (with chlorination to 
prevent floating solids); aeration; cen- 
trifuging; and lagooning. 
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The authors propose an _ effective 
scheme of treatment by atomized aera- 
tion and settling. Aeration is ac- 
complished by a low vacuum in the top 
of a unit which causes the liquor to be 
sucked up through tuyeres with air 
and atomized as it is discharged into 
the upper part of the tank or appar- 
atus. Operating data show from 50 to 
90 per cent removal of suspended 
solids between the ranges of 2000 to 
10,000 ppm. in this treatment. At the 
same time the oxygen demand of the 
liquor is reduced. 


Discussion 


L. H. Chamberlain, Eastern District 
Mer. of the American Well Works, in 
discussing the subject said that there 
are three characteristics which make 
supernatant liquor hard to treat. These 
are a high immediate or shock B.O.D., 
suspended solids that do not settle 
easily, and a seeding or septifying ac- 
tion. This latter effect may be shown 
by a methylene blue stability test. 
Where raw sewage has a stability of 
4.75 hr., a mixture of raw and untreated 
supernatant liquor has a stability of 
only one hr., but if the supernatant 
liquor is aerated, then the stability of 
the mixture is 4.5 hr. 

Mr. Chamberlain showed some slides 
of installations employing recircula- 
tion of the liquor through %in. (par- 
ticle size) anthracite bed. Back wash- 
ing to remove all but a seeding quan- 
tity of the removed solids keeps the 
bed in good operation. Performance of 
the aeration bed depends on the sur- 
face area, that is, it varies inversely as 
the diameter of the particle. Small 
size particle, (i.e. greater surface) is 
feasible when the filter is backwashed 
with water. 

Dr. Anthony J. Fischer, Development 
Engr., The Dorr Co., said that many of 
the supernant liquor problems in a 
plant were caused by uncontrollable 
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factors so far as the operator is con- 
cerned. These include digesters de- 
signed too small and high volatile con- 
tent in the sludge. As to controllable 
factors, Dr. Fischer mentioned agita- 
tion caused by too frequent pumping or 
improper location of the inlet too near 
the drawoff (this is a design feature 
not controllable by the operator). 


In general the solids concentration of 
sludge from activated sludge is lower 
than in trickling filter sludge which is 
lower than primary sludge all of which 
means that volume of supernatant 
liquor must be inverse. To the methods 
of handling supernatant liquor already 
mentioned should be added, the elimin- 
ination of supernatant liquor, handling 
on contact beds, and handling on trick- 
ling filters. 

For the latter method one needs but 
a small filter plant, but whether treated 
or not, (except for settling of the 
solids) the overall effect of supernant 
liquor on the final B.O.D. is so small 
as to be almost negligible. Therefore 
Dr. Fischer recommends storage and 
settling alone as sufficient treatment. 


Joseph Doman, San. Engr., Dep’t of 
Public Works, Greenwich Conn., re- 
ported on the results of remodeling to 
handle the supernatant liquor problem 
at the two plants in Greenwich. At 
both plants the sedimentation units 
were inadequate, and rather than add 
to these, the designing engineers pro- 
vided plain sedimentation with sludge 
removal to digesters. The old settling 
tanks were used for settling the de- 
canted supernatant liquor, but could 
also be used for storing excess sludge 
from the digesters if and when it 
needed further digestion. 


Good results and effluents are ob- 
tained at both plants from the settling 
out of the supernatant solids, and the 
settleable solids in the effluents are 
usually less than 1 ml. per liter. A few 
tests indicate the suspended solids con- 
tent to be approximately 400 ppm. (or 
roughly twice that in the raw sewage). 

At old Greenwich the supernatant 
liquor after settling is returned to the 
settling tanks without deleterious ef- 
fect, although during the chlorinating 
season it increases the chlorine demand 
while flowing through the tank. 

At the Grass Island plant, grades are 
such that pumping would have been 
necessary to return the supernatant li- 
quor to the primary settling tanks or 
the chlorine contact tank. Rather than 
install pumps and add to the construc- 
tion costs, the supernatant liquor is dis- 
charged by gravity into the effluent out- 
fall sewer. The digester is decanted 
the first thing each morning so that 
the liquor will be mixed with the rela- 
tively clear night flow still going 
through the tanks. During the chlor- 
inating season the residual chlorine is 
approx. 1 ppm. The settled supernatant 
liquor amounts to approximately 4000 
g. per mil gal. of flow, and it is be- 
lieved that this material is fairly well 
disinfected by the excess chlorine in 
the sewage effluent before it reaches 
tide water. (G.E.S.) 
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FREE-FLOW DISCHARGE TABLE 
FOR PARSHALL MEASURING FLUMES 


—- 





prepared to bring together in one 

place, significant data for use in 
the determination of free-flow dis- 
charge for Parshall measuring flumes 
of 5 different sizes. This particular 
chart has found effective use in the 9th 
Service Command Area where many 
Parshall flumes are installed. 

It has proved helpful to field engi- 
neers of the Headquarters office as well 
as to plant operators, and while the 
range of throat widths has been limited 
to those in this Command area, the data 
should be useful to any sewage plant 
having that size Parshall flume. 

The basic data for this table were 
obtained from Farmers’ Bulletin No. 
1683, published by the U. S. Dept. of 
Agric. and titled “Measuring Water in 


Ti accompanying table has been 





*9th Service Command, Ft. Douglas, Utah. 


Braidech to Direct Fire 
Underwriters Research 


As of June 1, Mathew M. Braidech, 
Prof. of Industrial and Sanitary Chem- 
istry at Case School of Applied Science, 
Cleveland, became Director of Research 
of the National 
Board of Fire Un- 
derwriters. 

The scope of the 
activities of this 
new division of re- 
search will include 
problems _ con- 
nected with the 
fre and _ related 
hazards of indus- 
try and commerce, 
materials of con- 
struction and their 
methods of use, 
and protective 
methods in safeguarding life and 
property. 

Operating as a part of the Board’s 
Engineering Dept., the research di- 
vision will be under the general super- 
vision of the Committee on Fire Pre- 
vention and Engineering’ Standards, 
and under the personal direction of W. 
E. Mallalieu, Gen. Mgr., and George W. 
Beoth, Ch. Engr. 

Prof. Braidech, in his nine years at 
Case has had much experience in the 
various aspects of water supplies, in- 
dustrial hygiene, and explosion haz- 
ards. In his new position Mr. Brai- 
dech will be located in the New York 
office of the Board. 











Mathew M. 
Braidech 


By N. W. NESTER and G. C. HANES 
Captain San. Engr. 
Corps of Engineers, U. S. Army* 


Irrigation Channels” by R. L. Parshall, 
Sr. Irrigation Engr., Div. of Irrigation, 
Soil Conservation Service. 

The table has proved useful as a 
check on indicating and recording flow 
meters that have been installed on 
Parshall flumes. Frequently, discrep- 
ancies may be found, as for example, 
a meter installed on a flume with a 
throat width larger or smaller than 
that for which it was designed; or the 
wrong meter chart may be used. 


Testing Float Controlled Meters 
In testing the common float-con- 
trolled meter, the following method has 
proved simple but satisfactory. The 
float is disconnected and a point on the 
cable is moved by hand from the posi- 
tion where the meter indicates zero 
flow to the maximum for which the 








Novel Distributing Wall at Norfolk Filter Plant 


flume was designed, in increments of 
one inch or one-tenth foot. The point 
is then moved down the scale so that 
the meter again indicates zero. The 
corresponding readings on the meter 
for each point on the scale are noted. 
This procedure is repeated several 
times in order to obtain an average. 
The results of these observations are 
plotted on a graph containing a curve 
for the throat width (made from data 
in the accompanying table) on which 
the meter mechanism is installed. Any 
discrepancy of the observed data 
from the correct curve is readily appar- 
ent. If the error is large, it is well to 
plot the curve of another flume of 
larger or smaller throat width on the 
same graph. This will usually indicate 
the design curves of the meter and 
corrections may be made accordingly. 

















The accompanying picture is a prog- 
ress view of the Stewart Adjustable 
Venturi Throat Distributing Wall and 
the Stuart Walking Beam Flocculators, 
under construction in the coagulating 
basins of the 21 M.G.D. Moore’s Bridge 
Filter Plant of Norfolk, Va. 

The inset shows the unique adjust- 
able flow distributing wall from above. 
The piers for the flocculator mechan- 
ism, which will agitate the coagulated 
water vertically, appear between the 
rapid mix chambers and the stilling 
and distributing wall. The rods across 


the top adjust the degree of opening 
through the Venturi shaped vanes, with 
a single lever setting at the end of the 
wall. There are two sets of flocculators 
and two distributing walls being in- 
stalled in the two parallel coagulating 
basins, as a method designed to raise 
the capacity of the plant without basin 
enlargement. 

An article by R. W. Fitzgerald, 
Sup’t. of Water at Norfolk, describing 
this unique installation and results at- 
tained, is to appear in Water Works 
and Sewage after the installation is 
in service. 
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| oe Editor's Commen 


“Just What I’ve Always Said!” 


Not long since, I heard two superintendents discuss- 
ing the matter of water rate bases. Naturally the ques- 
tion of the method of establishing a minimum charge 
and allowing a given quantity of water for this mini- 
mum charge vs. the method of making a service charge 
and billing for every gallon of water passing through 
the meter, came in for discussion. 

This conversation brought to mind another which I 
had recently experienced. During one of the New Eng- 
land Water Works Assn’s monthly meetings I heard 
a familiar voice saying “It’s just what I’ve always 
said!” Turning around it proved to be Roger Esty, 
Sup’t at Danvers, Mass., developing proof of a long 
held contention. His well taken position is that to prac- 
tice the minimum charge method of providing water 
service, which method involves an allowance of a given 
quantity of water for the minimum charge before. the 
true metered use rate becomes operative, is not sound 
practice, nor is it an equitable method of charging 
individual customers for water service. His very 
appealing argument is that water metering has the 
dual function of insuring a measure of water conserva- 
tion practice by the consumer, who would otherwise 
permit water waste through leaking fixtures or careless 
water use; and, collection for water service on the 
equitable basis of actual water used by the customer. 


The unfair practice in the minimum charge method 
is found in the fact that the customer who may use 
half the quantity of water that his neighbor may use 
(or waste) is paying just as much as this wasteful or 
indifferent townsman. Putting it another way, the 
careful customer may be paying twice as much per 
gallon of water metered to him as his wasteful or 
indifferent neighbor pays. The unwise practice in the 
minimum charge method is that which permits the 
consumer to waste water with little regard, and offers 
him no incentive to have leakage on his premise cor- 
rected. The latter type of customer soon learns that 
he actually is money ahead by not having had leakage 
corrected. This is so, because the plumber must be paid 
and the customer saves nothing, since the water bill is 
not reduced thereby. 

Evidence which can be supported by exhibits is the 
more valuable in any argument. So, as “Exhibit A” 
Supt. Esty introduced a letter and a water bill which 
had recently been received from a former young lady, 
employee in the Danvers Water Dep’t. The young lady, 
now married and living in a Florida city “wrote her 
former boss as follows: “I am enclosing our water bill 
for last month. These bills that we get every month 
have proved to me over and over what you have always 
said about minimum rates. You will see that the mini- 
mum here is $2.00 and allows us 7000 gallons for the 
month. The meter reading shows only 3000 gallons, so 
we don’t even try to save water—just let the faucets 
drip. At least Bill does, but I’ve naturally heard so 
much about saving water that I can’t.” 

As Roger Esty pointed out, here was a bill showing 
a meter reading from which even the “dumb” could 
figure out that they were not using up their water 
allowance (“ration” is perhaps the timely expression) 
by 4000 gals. for the month. So why be concerned by 
the leaks; why not let the hose run all night; why 
conserve water that must be paid for whether used or 
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not? Perhaps fortunate for the management Of such 
water utilities employing the minimum charge method 
the conscientious and the penurious customers fail to 
comprehend that on a pro-rata basis they are payin 
far in excess of a fair share of the costs of providin 
water service to the community. However, that i 
exactly what many customers are doing in the final 
analysis of the situation, and the old argument that 
universal metering insures equitable payment for water 
supply service has something of a hollow ring when 
the minimum charge method is employed. 

One can’t help but agree with the Esty dictum that 
tnere is but one truly fair and equitable method of 
providing any paying for water service—namely, an 
equitable service charge plus a meter rate which re- 
quires payment for the exact quantity of water supplied 
and only that. The question is,—Why meter customers 
and go through the motions of billing on a metered Use 
basis, when in truth this method of charging amounts 
to little more than the flat-rate method, regardless of 
what the method may be termed. 


Hagerstown Sets a Pattern 


For some time it has been our intention to make a 
plea to municipalities for considertaion of what we 
believe should be a nation-wide plan in the nature of 
post-war projects. We refer to reforestation, not alone 
as a measure for benefiting watersheds, but even be- 
yond this. 

As an unemployment relief measure there can hardly 
be conceived a measure which more genuinely and un- 
iversally deserves consideration than that or reforesta- 
tion. The work can be started quickly, moderated to 
suit circumstances, or stopped abruptly. The initial 
investment is negligible, the ultimate benefit large and 
permanent. Should Federal assistance be made avail- 
able to stimulate post-war employment there could be 
no more universally deserving expenditure of Federal 
funds than for the purpose of re-establishing forests 
the nation over. 

We are happy to have secured from W. R. LaDue his 
story, based on 23 years of experience in beneficial 
reforestation on Akron’s watersheds. This we feature 
in this issue. We also hope to be able to present the 
experiences of others in reforestation. 

An additional aspect of the merits of reforestation 
has just recently come into the spotlight. Hagerstown, 
Md., wishing to establish a war-memorial to its citizens 
who fought and died in World War II, has concluded 
that no memorial could be more fitting, more perma- 
nent, than the establishment of a living memorial in 
the form of a “War Memorial Forest.” In this the 
industries of Hagerstown and the people of Washington 
County concurred. The result is that a Memorial Forest 
has been planned and the first trees have already been 
planted by the boys and girls of the county’s 4-H clubs. 

Appropriately enough, the Memorial Forest is being 
established on Hagerstown’s Warner Hollow watershed. 
In planting the first tree Mayor Richard Sweeney said 
that it was “Hagerstown’s hope that there might be 
many more similar memorial reforestation projects 
throughout the nation.” In this hope, Mayor Sweeney, 
Waterworks and Sewerage is happy to repeat and en- 
dorse your very worthy suggestion. 


{Eaton 
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COMMINUTOR . . . Automatic Screening and Cutting of 
All Coarse Sewage Matter. 


SCREENING LABOR AND NUISANCE is elim- : . 
inated with Comminutors by sub-surface, Heed ema ro 
automatic screening and cutting of all ps BD ssuromane. 
coarse material in the sewage. No screen- ‘ogi old 
ings to handle, no burial, no incineration. 
The comminuted solids settle out in the Ome on oe Lae eT 
primary tank and are disposed of with the | Tay 
primary sludge. Comminutors protect . 
mechanical equipment against binding, os oo | 
pipes against clogging, and the operator |) <ig a 
against infection from handling screenings. 
Ask for Bulletin 185. 














4 





PUMP CLOGGING is never experienced with 
“Flush-Kleens,” the most reliable sewage 
pumps made. Solids are automatically 
screened from impellers and flushed to 
sewer. The pumps require no maintenance, : oe ee) NS sic igi 


except periodic lubrication. Ask for Bulle- FLUSHKLEEN .. . Rags and Other Coarse Solids Do 
tin 122. Not Pass Through Impeller. 














PRIMARY SLUDGE PUMPING as easy as clear 
water pumping with the ‘Scru-Pellers,” 
centrifugal pumps with screw feeds. Nine 
cutting edges provide continuous multiple 
shearing actions all the way through the 
pumps. Ask for Bulletin 190. 

















SCRU-PELLER . . . Centrifugal Pump With Cutting Screw 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
CHICAGO 18, ILLINOIS 





2349 WOLFRAM STREET 


Swing Diffusers, Stationary Diffusers, 
Mechanical Aerators, Combination 
Aerator-Clarifiers, Comminutors. 


Flush Kleen, Scru-Peller, Plunger, 
Horizontal and Vertical Non-Clogs, 
Water Seal Pumping Units, Samplers. 
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If you are a user of pumps FOR ANY PURPOSE BUILT 

you will welcome acquaintance with the by 

modern, efficient and lasting "PUMPS 

by AURORA." Built to highest “a 
MAKERS 


standards in the belief that 
EVERY pumping job is 
IMPORTANT. Z —- = 


DEEP WELL TURBINES 
ELLAR DRAINERS 





MP 
SU WATER SYSTEMS 
BILGE ow 

a MIXED FU 

TRANSFER 
— SEWAGE 
CL 
NON - BRINE 
MIC 
on : HOUSE 
INER ee 
ner on i mm OCAAIRY 
LATI } 3 : 
pisTil = ‘ =aaea 
LATI a. 
circu a y AND 
sT é 
pAPER — Laanv 
rn F . 
BoILe a OERS 
CLOSE-COUPLED 


CONDENSATE RETURN 





—or 
See Our Catalog 
in SWEETS 


DISTRIBUTORS IN PRINCIPAL CITIES 








68 Loucks St., AURORA, ILLINOIS 





PUMPS YOU CAN TRUST 








Money, Time and Labor Saving 
Features of 


UNIVERSAL 


CAST IRON PIPE 


Laid with Only Wrenches 





No Caulking Materials 





v 


No Gaskets. 
to Dig. 


No Bell Holes 





v 





For water supply, fire protection sys- 
tems sewage disposal systems, indus- 
trial, and irrigation. Flexible. 


Dept. C 


THE CENTRAL FOUNDRY COMPANY 
386 FOURTH AVENUE, NEW YORK 16, N. Y. 


Gentlemen: Send us information and catalog on 
UNIVERSAL CAST IRON PIPE. 


STREET 
CITY . 
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MEETINGS SCHEDULED 


IMPORTANT aa 
Meetings, conferences, short schools, which will 

quire hotel rooms or sleeping car accommodations fe 
no more than 50 persons are considered as local pe 
sectional meetings, and a permit from the Federal] We 
Committee on Conventions to hold such meetings is ee 
required. Therefore many conferences and short sch ie 
can be held without filing an application. " 




























| 





Indiana Section, AWWA 
Sec’y, C. H. Beckert, Room 402, State Library, Indi ; 
June 12—Muscatatuck State Park, No. Vernon snaps 
June 13—Water Works Plant, Evansville 
June 14—Shakamak State Park, Jasonville 
June 15—Country Club, Crawfordsville 
June 19—Sportsman Inn, Monticello 
June 20—Country Club, LaPorte 
June 21—Country Club, Columbia City 
June 22—City Park, Anderson 


Aug. 8—NORTHEAST HARBOR, ME. 
Maine Water Utilities Association. Sec’y, Earle A. Tar 
Supt. Water District, Winthrop, Me. (Next meeting Oct 
10, at Bath, Me.) 


















Federation of Sewage Works Ass’ns 
(Annual Conference Indefinitely Postponed) 
The Federation’s Annual Conference, planned for To- 
ronto in September, has been postponed for an indefinite 
period. However, the Federation’s Board of Control will 
hold its annual business meeting on Oct. 17 and 18, at 
some centrally located point, to be announced, 




















*Sept. 19-20—GRAND Rapips, MICH. 
Michigan Section A.W.W.A. Sec’y-Treas., M. H. Ger. 
ardy, Dept. of Water, Water Board Bldg., Detroit 26, 
Mich. 


*Sept. 14—PITTsSBURGH, PA. (Roosevelt Hotel) 
Western Pennsylvania Section A.W.W.A. Sec’y-Treas, 
E. P. Johnson, 418 Flannery Bldg., Pittsburgh 13, Pa. 

(Joint Meeting with) 
Pennsylvania Water Works Operators Association. Sec’y, 
I. M. Glace, 22 South 22nd Street, Harrisburg, Pa. 


*Oct. 15-17—(Meeting place announced later) 
Southwest Section A.W.W.A. Sec’y-Treas., L. A. Jack- 
son, Gen’l Mgr., Water Dept., Little Rock, Ark. 


*Oct. 23—Los ANGELES, CALIF. 

Oct. 25—SAN FRANCISCO, CALIF. 
California Section A.W.W.A. Sec’y.-Treas., B. I. Burn 
son, Box 720 Oakland 4, Calif. 


*Oct. 30-31—MILWAUKEE, WISs. 
Wisconsin Section A.W.W.A. Sec’y-Treas., Leon A. 
Smith, Supt. Water Works, City Hall, Madison, Wis. 


*Nov. 5-7—CHARLOTTE, N. C. (Hotel Charlotte) 
North Carolina Section A.W.W.A. Sec’y, D. M. Wil 
liams, Supt. of Water & Sewerage, Durham, N. C. 


*Nov. 8-9—ROANOKE, VA. 
Virginia Section A.W.W.A. Sec’y-Treas., W. H. Shew- 
bridge, State Health Dept., 1506 Greycourt Ave., Rich- 
mond 22, Va. 


*Nov. 8-10—ATLANTIC City, N. J. (Hotel Madison) 
New Jersey Section A.W.W.A. (Fall Meeting.) Sec’y, 
C. B. Tygert, Box 178, Newark, N. J. 

(Joint Meeting with) 
South Jersey Association of Water Superintendents. 
ee, Walter Spencer, 2707 Bethel Ave., Merchant- 
ville, N. J. 


*Nov. 13-15—-MILWAUKEE, WISs. 
Wisconsin Section A.W.W.A. Sec’y-Treas., Leon A. 
Smith, Supt. Water Works, City Hall, Madison 5, Wis. 


*Nov. 15-17—(Meeting place announced later) 
Florida Section A.W.W.A. Sec’y-Treas., Prof. A. P. 
Black, University of Florida, Gainesville, Fla. 



























*Ep. Note: A.W.W.A. Section Meetings here listed for 
fall dates are scheduled contingent upon the attitude of 
the War Committee on Conventions later in the year. 





















/ AMBURSEN DAMS % 


AMBURSEN TYPE DAM at Theresa, 

New York, in 1903, about 400 of these 
structures have been built. Difficult founda- 
tion problems have been successfully solved, 
about 175 of the total number of AMBUR- 
SEN DAMS having been constructed on 
soft or porous foundations that prohibited 
the construction of any other permanent 


Savi the construction of the first 


and minimum carrying charges for hydro- 
electric and water supply developments, 
os economical future increase in 
eight when required. 


Various AMBURSEN TYPE DAMS have 
been successfully constructed with power 
houses or filter plants enclosed within the 
dam structure itself, at a substantial saving 
in first cost and in operating expense. 





type of dam. 
AMBURSEN DAMS are scattered all over 


the world, on foundations varying from 
ledge rock to sand and silt, and under cli- 
matic conditions varying from the tropical 
heat of the Malay Peninsula to the contin- 
uous cold beyond the Arctic Circle in Scan- 
dinavia. Eighteen have been constructed 
for the United States Government and over 
sixty for American municipalities. Utilized 
repeatedly by a multitude of industrial and + he si eae Pe 
public utility owners, the AMBURSEN TYPE a reas LS 
DAM offers to the engineer safety, perma- ' an Sey Ca 
nence and economy. 


MICHIGAN, 1928 

. Municipal water supply. Clay foundation 
The partial height method of constructing 
AMBURSEN DAMS effects low initial cost 














Ste ae tees 


WOODLAND DAM, ST. CROIX RIVER, 
MAINE-CANADA BOUNDARY, 1912 | 
St. Croix Paper Company; storage. Rock foundation 








STUNY GORGE DAM, ORLAND IRRIGATION PROJECT, 
CALIFORNIA, 1928 
U. S. Bureau of Reclamation. Built across a geological fault 


41 YEARS OF 
SUCCESSFUL USE 


Highest safety factor of any type of 
dam. 





Subject to rigid scientific analysis 


throughout. 


Maximum resistance to sliding and 


over-turning. 


UpEte geessure eliminated. REMMEL DAM, OUACHITA RIVER, ARKANSAS, 1924 


Electric Bond & Share Company; hydroelectric plant. Rock foundation 


Send for Literature, Cost Data, Photos. 


AMBURSEN DAM COMPANY 


295 MADISON AVENUE 17, 
NEW YORK 


Foundation loading uniform and con- 
trollable. 


Positive provision for expansion and 
contraction. 


Permanence unaffected by climatic 


conditions. 





Economically adaptable to any founda- 
tion. 
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Palatable 
WATER 


ls Your Number One 
Press Agent 


If you seek to please your public, rely on Hydro- 
darco, the quality activated carbon. It insures the 


elimination of odors and bad-tasting impurities. 


Standardize on Hydrodarco for dependable per- 
formance—and maximum palatability control per 


dc y] lar. 











Hydrodarco-Reg. U. 8S. Pat. Off. 





CORPORATION 


60 East 42nd Street, New York 17, N. Y. 













DISTRIBUTING POINTS: New York @ Buffalo @ Cincinnati © Chicago 
St. Louis Kansas City 7 San Francisco 


Los Angeles . Marshall, Texas 
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Last March, I wrote that so fa 
as I knew there were less than a half 
dozen girls in sewage work in this 
country, whereupon Albert Tawney, 
Assoc. San. Engr. of Ft. Meade 
Md. wrote this letter to the colum: 
“Thought you’d like to know that we 
have here at Ft. Meade, one Mrs 
Flo H. Ward, who, as Asst. Sap, 
Engr. is in charge of the operation 
of a modern Bio-Filtration sewage 
treatment plant, and has the super. 
vision of sixteen (16) male workers 
(seven of whom are prisoners of 
war). 

“Mrs. Ward, a graduate of the 
Univ. of Georgia, was an operator 
at the Ft. Eustis, Va. disposal plant 
before coming to Ft. Meade. This 
lady has also completed a six months’ 
course in all phases of water works 
operation; she is very efficient and 
gets along fine with male employees 
of all departments. She is also a 
member of the Md.-Del. Water and 
Sewage Assn.’’—I hope she’s a sub- 
scriber to W.W.&S., too, Al. 


* * * 















To return once again to the sub- 
ject of modernizing our system of 
measurements, I had hoped to bring 
you some of the enlightened and 
enlightening comments of a group of 






















Write today for actual case 
histories of plants now using 
the ideal ferric coagulant. 

















TENNESSEE CORPORATION 


Atlanta, Georgia Lockland, Ohio 







































Is Equipped with 


2 O T O VA LV E S peo the motor driven centrif- 


ugal blowers, shown at the left, are 3— 


by S. MORGAN SMITH COMPANY 36” and 2—30” Air Check Rotovalves, at the 
EASTERLY SEWAGE WORKS pictured 


for Compressor Check Service above, which are operated by pneumatic 
cylinders deriving air from the line at 74 


pounds pressure. 


The selection of Rotovalves was made after 
searching analysis, and constitutes a tribute 
to their performance and dependability! 


If in need of information covering similar 
operating problems and applications write us 
for details. 


Ss. MORGAN 


SMITH 


COMPANY 


YORK 
PA. 
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5000 years aco 


THIS CLAY PIPE SEWER 


WAS INSTALLED 





Yes, 5,000 years ago architects, engineers and contractors 
knew about clay pipe and used it. This pipe, lacking all the 
improvements of modern vitrified clay, but the same in principle, 
was found in ancient Babylon. 


You may not reasonably expect a sanitary sewer, highway, 
airport, railroad, public building, factory or home to last 5,000 
years. But the economy of using Clay Pipe for any kind of 
sewerage or drainage is something that you cam expect, because 
properly installed Clay Pipe will insure future generations the 
use of the job you do today. 


The reason for the long life of Vitrified Clay Pipe is the 
fact that it is chemical-proof and abrasion-proof. Clay Pipe is 
impervious to acids, alkalies, industrial wastes, gases and the 
grinding abrasion of moving sand and gravel. It will not corrode, 
decompose or crumble. Clay Pipe is strong, durable, economical 
and easy to use. Consider final costs as well as first costs, and you 
will find this true: “IT WILL PAY TO USE CLAY.” 


WRITE FOR INFORMATION 


Through its technical engineering staffs, the Clay Pipe 
Industry carries on constant research to improve products and 
to adapt them to current construction practices. For latest 
information or engineering literature, contact one of the four 


regional offices or write to: 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
111 W. Washington St., Chicago 2, Ill. 


C-1244-19 


SPECIFY 


CLAY PIPE 
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water works and sewage men, fy 
whom I have the highest regard. 
and respect—same being members jn 
that exclusive organization, P B.P 

I find, however, that two of the 
members (one being Marsden 
Smith) had copyrighted their Te- 
marks, one had commented only on 
those copyrighted remarks, while 
Harry Krum, the Water Fixer of 
Allentown, and Alan Darby didn’t 
even write on the subject. It is with 
deep regret, therefore, that I can- 
not devote this column to the sub- 
ject, as planned. 


On the other hand, Arthur Clark, 
the one, the only, the incomparable 
Mgr. of WSWMA, did not copyright 
his comments and I am pleased 
therefore, to bring them to you, 
herewith—quote: 

“In speaking of changing old 
things for new, you have apparently 
been so confused in consideration of 
weights and measures, the Ameri- 
can-English, and metric systems, 
and with your endeavor to convert 
°F into °C and our good old fash- 
ioned twelve-month year into the 
unlucky number 13, that you have 
completely ignored one of the most 
important measurements—Time, 

“Now if you really want to do 
something constructive I suggest 
you bring to your eager readers the 
following plan for out-daylighting 
daylight savings time. 

“The first step is to stop in at 
your favorite watchmakers along 
about next Jan. 1, and have your 
watch adjusted to run one minute 
fast each day. You won’t miss the 
minute but by June 21st you will be 
on a super-duper daylight savings 
and while the kitchen clock says 6 
a.m. you’ll be catching the 9 o’clock 
train to the city and by the time 
it’s 9 a.m. in your kitchen you'll be 
out to lunch. 

“The next step is to return to 
your jeweller on June 21 and have 
him readjust your watch to run a 








The ORIGINAL 
and FINEST.... 


Manhole Cushion U. S. Pat. No. 
2,050,050 offers you the 
simplest solution for noisy, 
rattling covers. Easy to 
install. Lasting — Eco- 
nomical. 

Write for story of Tapax 
and Trial Offer. 


i 
TAPAX MFG. CO., INC. 
MAMARONECK NEW YORK 
































BAR SCREENS 


GRINDERS 


~ JIGRIT WASHERS 
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Installation of Morris Sewage Pump and Engine, the 
No. 1 Pump, Metropolitan District, Quincy, Mass. 


OVER 20 YEARS OF SERVICE 
Without Repairs or Replacements 


* This sturdy Morris Pump, setting its stride back in 
1923 at 10,000,000 gallons of sewage a day, is still operating. 
Morris engineers planned this measure of service over 
twenty years ago. Morris Pumps are engineered to take 
their load easily, smoothly, and without perceptible vibra- 
tion. They are ruggedly built and precision-machined for 


efficient and enduring service. 


* This Morris 16-inch, side suction, wide-clearance-im- 
peller sewage pump, directly driven by a 10" & 20" x 10" 
Morris Vertical Compound steam engine, was installed by 
the Starkweather Engineering Co. Presently, this pump 



















CENTRIFUGAL PUMPS 
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will be taken off the line for 
the first time in 20 years, 
dismantled and inspected for 
wear. After repairs, this pump 
will again resume its function 
as the No. 1 Pump of the 
Quincy Station. 


Here is another example of 


Morris Pump efficiency, per- 
formance and endurance; 
again demonstrating the 
achievements of eighty-one 
years of pump engineering. 


Write for Sewage Pump Bulletin 


No. 160 


MORRIS MACHINE WORKS 


Baldwinsville, N. Y. 
Branch Offices in Principal Cities 














minute slow each day an 
about the end of December you'll he 
back on standard time and r to 
start all over again. This jg know, 
as the ‘Clark Effect.’” Unquote, 

Mr. Clark is a modest man, but 
deserves recognition for this funda. 
mental contribution to science, This 
column will offer one package of 
cigarettes to the best explanation of 
the “Clark Effect.” 

* * * 

Last January the boys jp 
NYSSWA made me eligible to ym. 
ceive a past-president’s key ney 
Jan. and in discharging the prexy’s 
duties I’m making the section meg. 
ings. It was late in April in Kep. 
more as Chan Samson’s guest that 


| I became interested in garbage ingejp. 


eration, a week later in Lyons I hag 
a lot of fun in the fire house rem. 
iniscing with several of Bill Denise's 
gang from Rochester about some 
lectures I gave way back when, and 
less than a month ago at the L, | 
Sect. meeting (Tallman’s Island, 
show place both as to looks and op. 
eration) I achieved an ambition of 
long standing—to speak on the same 


| program with A. M. Rawn of Los 


Angeles Co.—I was so excited, I for. 
got half of what I was supposed to 
say. 
* * * 
Before I forget it, ladies, here’s a 
household hint for this month. If 


| you are troubled with odors in your 
| refrigerator, as who isn’t from cer 


tain foods, and if you can’t make 


| your husband bring home some aeti- 


vated carbon from the water plant, 
then cut a lemon in half and put 


| one-half on the top shelf and the 


other half on the bottom shelf. Use 
a new lemon each week, but don't 
try to salvage the juice in the old 
one for a lemonade. : 


USE 
ACTIVATED 
ALUM 
and 
BLACKALUM 





STUART-BRUMLEY CORP. 


516 North Charles St. 


Baltimore Maryland 

















ALCO ELECTRIC- 
WELDED STEEL PIPE 


is the Pipe to Lay 


ALCO ELECTRIC-WELDED STEEL PIPE is extensively used and ex- 
tremely popular. And for good, solid reasons! 


It is strong, dependable, durable, long-lived. It is smooth, gives 
maximum flow and capacity. It is light in weight, easy to handle— 
comes in long lengths, requiring minimum joints—advantages that 
mean faster, lower-cost installations. 





Don't wait for the postwar flurry. Plan now to use ALCO ELECTRIC- 
WELDED STEEL PIPE for water, sewer, gas and oil lines. Now is the 
time to get ready. Tell us your requirements and let us help you. 


American Locomotive 
ALCO PRODUCTS DIVISION 


30 Church Street, New York 8, N. Y. 
Dunkirk, N. Y. 
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BUFFALO ENGINES — 100 H.P. THROUGH 750 H:. P.— IN GENERA- 
TOR AND PUMPING SETS FOR WATER WORKS — AIRPORTS — COM- 
MUNICATIONS — FLOOD CONTROL — HOSPITALS — INSTITUTIONS > 
— MINES — MOVABLE BRIDGES — THEATRES — SEWAGE PLANTS. 





























RAB-6 BUFFALO Gas Engine at Bay Shore Gas 
Company, Bay Shore, L.I. 50 KW—250-Volt, 3-Phase, 
60-Cycle and 25 KW—125-Volt, 1-Phase, 60-Cycle. 


FULL RATED POWER 


OUND engineering calculation checked by years of 

experience is the best assurance of successful en- 
gineering works. Power installations that include 
BUFFALO ENGINES have always the benefit of 
over forty years of building engines and observing the 
results of thousands of important applications. 


This knowledge of our customers’ needs is reflected 
in the specifications of BUFFALO ENGINES and 
in the variety of engine models we build for different 
types of ‘duty. 


If you are planning works that call for stand-by 
power equipment (or even if you are only interested in 
keeping your file up to date), you are invited to write 
for specification sheets and any other information you 
desire. 


We are planning for publication a series of papers on 
different works that require stand-by power. Please 
tell us the type of installation in which you are in- 
terested. 


BUFFALO GASOLENE MOTOR COMPANY | 


DEPT. WW-65 


BUFFALO 13, N. Y., U. S. A. 


ASSURANCE 
of 


PROTECTION 
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BUFFALO ENGINES 





George A. Rhame of 
S. C. wrote that a sewage 
association was being fo 
that state and that the first 
was scheduled for April 
haven’t heard yet how the 
turned out or who was elected 
dent or how many 

“Why doesn’t somebody tell me 
things?” 





















Famous last lines: This jg 
1945 Ref. & Data issue. It’s 
saving—and you should hang On ty 
the 1944 and 1943 June issues gh, 
if you want a good reference library 
You'll find the index to all three 
the back of this issue. 



















———— 


MANUFACTURERS 


and 


EQUIPMENT 


News 















P.F.T. Vertical Aeration 
Plate Holder 


The P.F.T. Combination Integr 
Air Main and Vertical Aeratin 
Plate Holder is not exactly new, but 
its development is recent enoug 
that only now has there been a new 
release on it. 

This combination air main ani 
vertical plate holder (Piatt’s Patent 
is manufactured by the Pacific Flut 
Tank Co. of Chicago, which has: 
typical installation at Camp Butner, 
N. C. 













































The unit has a laying length @ 
4 ft. 6 in. and holds eight standar 
12-in. square diffuser plates in tw 
rows, one on each side, below the all 
main. A wedge block locking # 
rangement simplifies the installatio 
and removal of plates for cleanilf 
or replacement. 
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E‘RE sorry that Uncle Sam finds it necessary, 
\ through his Office of Defense Transportation, 
\ to say that we can’t meet in St. Louis, or else- 
\ where, this year. We're not questioning his judge- 
\ ment, and it’s a small sacrifice to make if it’s going 
\ to help in the smallest measure to hasten the day of 
, permanent peace. 

. So, we'll be missing you and thinking about you. 
r For 76 years we have considered that customer and 


. friend were synonyms. We have looked forward from 


| = \ agg BRASS 


: 


BE SURE TO REPLACE WITH ANOTHER HAYS STOP 


WATER WORKS PRODUCTS 


\ 
-— \X er HAYS MANUFACTURING CO., ERIE, PA. 





year to year to the chance to greet you, at the A. W. 


W. A. conventions. 

This year our greetings must be extended in this 
printed form. Don’t think they are less hearty for that 
... you have been patient and considerate, because 
you knew we were striving to do two jobs, take care 
of your needs, and supply Uncle Sam. We’ll continue 


to do our best. 
So again, greetings and good luck until our next 


convention, we hope in 1946. 


IRON 











Cuts detention time, saves chemicals, 
takes only 42 the space of former methods 


It removes water hardness, dirt and color 
by the sludge blanket process, cutting de- 
tention time and saving chemicals.. It re- 
quires only half the space of former meth- 
ods. No wonder engineers, in blueprint- 
ing their water improvement plans, specify 
the Permutit* Spaulding Precipitator. 


If YOUR postwar program includes water 
conditioning—and it should—write for 
details of this modern, efficient equipment. 
Address The Permutit Co., Dept. G1, 330 
West 42nd Street, New York 18, N. Y., 
or Permutit Co. of Canada, Ltd., Montreal. 
*Trademark Reg. U. S. Pat. Off. 


PERMUTIT SPAULDING PRECIPITATOR 
removes water hardness, dirt and color by the 


sludge blanket precess. This new-design equip- 
ment cuts detention time, saves chemicals, takes 
only half the space of former methods. Present 


installations handle up to 120,000,000 gallons 
daily. 


Back the 7th 
War Loan 
Buy More Bonds 
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how to give water a BAVA / 


A 


SOLVAY 


LIQUID 
CHLORINE | 


Even sparkling, clean-looking water needs a 
thorough “going over”. . . for like a germ-infested 
jungle stream, it can be the carrier of deadly water- 
borne germs. . . . It can tumble forth the wastes and 
impurities of industrial plants. 

To make water safe, both on home and battle fronts, 
engineers rely on versatile Solvay Liquid Chlorine. 
This liquid effectively gives water a bath—“wash- 
ing” out impurities, foul tastes and odors. 

Today Solvay Liquid Chlorine is serving on two 
fronts. Tomorrow it will serve municipalities and in- 


dustry with newly discovered uses. 


SOLVAY SALES CORPORATION 


~ 
i RE a 


ANTHRAFILT 


A Filter Medium For 
All Purposes 


Anturacite Equipment Corp. 
101 Park Ave. New b Mela’ 
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40 Rector Street 








Alkalies and Chemical Products Manufactured by 


The Solvay Process Company 


New York 6, N. Y. 


Other advantages of the air main- 
plate holder are uniform and effec- 
tive air distribution throughout the 
length of the tank; no settlement of 
solids into plate pores and conse- 
quent blinding because the plates are 
above the floor and vertical; elimina- 
tion of air main condensation; an 
automatic increase or decrease in the 
effective area of the plate as air flow 
increases or decreases; and almost 
immediate full recovery of uniform 
air distribution after air shutdown. 





Another War Hero Joins 
Neptune's Sales Staff 


The Neptune Meter Company - 
nounces the appointment to the sales 
staff of their Canadian Subsidiary 
Neptune Meters, 
Ltd., of Mr. W. J. 
(Bill) Waddell, 
formerly Captain 
Waddell of the 
Royal Canadian 
Artillery. Mr. 
Waddell is the 
son of W. H. 
Waddell, City 
Engineer of 
Owens Sound, 
Ontario, present- 


“Bill” Wadden 

(Former Capta 

Royal Cone 
Artillery) 


ly Chairman of 


the Canadian Section of AWWA 
Before entering the service, he was 
with the Surveys Branch of the Op. 
tario Department of Highways. 
Having served in the Royal Cana- 
dian Artillery for five years, four 
of which he spent overseas in Italy 
and France, young Captain Waddell 
won the coveted Military Cross for 


| his exploits at Falaise. There, with 


| fessorship at State 


| Prof. Turner was 





only a few men, he effected the cap- 
ture of several German tanks of the 
largest type. He was later captured 
by the Germans, after having been 
clipped by a sniper’s bullet which 
very nearly cost him his life, but 
was soon released when the Germans 
found themselves completely sur. 
rounded by the Canadian troops. 





H. G. Turner Dies Suddenly 


H. G. Turner, 
who for many 
years held a pro- 


College, Pa., died 
suddenly in Erie, 
Pa., on May 18th. 


best known in the 
water works field 
as Research and 
Development Engi- 
neer of the Anthra- 
cite Equipment 
Corp., and as the 
man who literally 
put “Anthrafilt” filter media on the wa- 
ter works map all over the country. 
Homer G. Turner had been connected 
with the Anthracite Equipment Corp. 
since 1936 and his work on Anthrafilt 
has received wide attention. Mr. Tut 
ner’s latest article on the subject is 
reprinted in the Reference and Data 
Section of this issue. 
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A PROBLEM... | (heck List of Hooker Chlorine 


IN MATHEMATICS lses 


a FOR THE Water Dent. eos 





Water Sterilization 
Clean Filter Beds 
Algae Inhibition 
Taste and Odor Control 
Stabilization of Raw Sewage 
Prevention of Filter Ponding 
Sedimentation and Removal 
of Settleable Solids 
Sludge Digestion 
Reduction of BOD 
Disinfection of Effluent 

























































Calorine does many jobs in the water works and 













den sewerage fields some of which are listed above. These 
ian” operations involving the use of chlorine are made 
easier for you when you know that your chlorine 
; supply will always be of the same high quality. 
WA. That’s why Hooker Chlorine has maintained its pop- 
= ularity among chlorine users for so many years. They 
On. have learned through experience that from Hooker 
each new shipment whether in tank cars, ton 
> containers or’cylinders is consistently uniform and of 
Our exceptional purity. 
aly Water Works and Sewerage officials too, are taking 
fel advantage of the help that Hooker’s Technical Staff 
for is always ready to give. Their specialized knowledge 
7 is available to help you make better use of chlorine. 
he This Hooker Chlorine Booklet, sent free een) 
ed when requested on your letterhead, con- — goxsn 
el tains valuable information about chlo- Yaw | 
ch | rine, its physical and chemical character- | ~ @ } 
: SO LVE D | istics, hints on storage, precautions in | ~ 


handling and shipping. Write for your ee 


HOOKER 
ELECTROCHEMICAL 
COMPANY 


Buffalo Ave. and Ward St. 
NIAGARA FALLS, NEW- YORK 
NEW YORK, N. Y. « WILMINGTON, CALIF. 
TACOMA, WASH. 


ly FLEXIBLE 


’ Flexible pipe cleaning service means more than 
low cost cleaning — it means faster, better jobs 
with fewer dig-ups and fewer patches in the 
street. 






Flexible’s specialized equipment and “know- 
how” can save money for your city. Call the 
nearest Flexible representative and get an esti- 
mate for cleaning all or part of your pipe 
line system. 









HOW MUCH DOES A DIG-UP COST? 


Figure the cost of digging, the cost éf back filling, the cost of patching, 
the cost of detouring traffic, the cost of repaving the street — These 
ere the costs of an unnecessary dig-up in the street. 


FLEXIBLE UNDERGROUND 
mera ~PIPE-CLEANING CO. 


Konses City 6, Me. 
1624 Hormon Ploce 








CHEMICALS 


los Angeles 34, California ga Chlorine Bleaching Powder 
Caustic Soda_ Ferric Chloride 


Minneopelis 3, Minn. 
?. O. Box 694 


Gulfport, Miss. 9059 Venice Boulevard 


4! Greenway St. 
Hemden, Conn. 
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A timely contribution to the pump industry—416 pages of factual data 
just when vital postwar problems require authentic facts, sound ex- 


GIVES YOU THE 


A Hydromatic Cushioneg 
Check Valve 


A New Development Offered f 
the Toughest Assignments Bren 


Clayton’s new HYDROMATI¢ 
Check Valve is claimed to be the 
answer to the great need for com. 
plete surge protection. The valye is 
entirely hydraulic in operation, cap. 
not slam and is said to Positively 
prevent surge. At least Clayton jg 
ready to guarantee as much. 





ANSWERS TO 
PUMP | 
ENGINEERING _ 
PROBLEMS | 


perience and advanced engineering practice. 


Here, under one cover, are hundreds of handy tables and diagrams 


you need every day. Revised, improved and new data governing the 
correct layout and installation of sewage, drainage, processing, heating 
systems, etc. Describes clearly and exactly the way to do the job right. 


if your copy is delayed in reaching 
you, we're sorry, and ask your in- 
dulgence. The unprecedented demand 
temporarily exceeded the manpower 
for handling— but all requests received 
See to date are being filled in rotation. 


ECONOMY PUMPS, INC. 


HAMILTON, OHIO 


FOR OVER a oe ae YEARS 


Electronic Signal Unit for | 
Liquid Level Control 

Here is a new electronically acti- 
vated signal unit to indicate the 
level of aqueous liquids. It is the 
Faratron Electronic Control Unit, 
Model FSB, which, with two stain- | 
less steel electrodes and a 12x10x 
544-in. box housing a gong, lights 
and electronic unit, will warn when 
the tank is too full, or the liquid 
level dangerously low, or indicate 
when the liquid level is normal. Ad- 
ditional information may be ob- 
tained from the Lumenite Electronic 
Co., 407 S. Dearborn St., Chicago 5, 
Ill. 
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MAKING 








Indispensable to Executives, 
Engineers, Plant Managers, 
Maintenance Men, etc. Sent free 
in response to requests on busi- 
ness letterheads. 


ie ee 


BETTER PUMPS 0 














MS 











The HYDROMATIC operates like 
a hydraulic door closer, because of 
the restraining action which is pre- 
sented at the nozzle. In closing the 
final action is throttled, thus effee- 
tively preventing surge, shock and 
water hammer. The opening opera- 
tion is similarly controlled. The ini- 
tial action is throttled, so that pres- 
sures are equalized gradually. 

Pressure to open and close the 


valve is directed through the 
SURGEMASTER Control and ad- 
justment is provided, so that the 


speed of operation can be changed 
to meet various conditions of service 
imposed. 

A descriptive bulletin of this new 
and widely adaptable valve should 
interest all water works men. For a 
copy write Clayton Manufacturing 
Co., Alhambra, Calif. 





Sergeant Pulp & Chem. Co. 
Moves 
The E. M. Sergeant Pulp and 


Chem. Co., manufacturers, import- 
ers, manufacturers’ agents, and dis- 
tributors since 1867, have moved 
from the Empire State Bldg. in New 
York to larger quarters at 7 Dey 
St., New York 7, N. Y. 
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Milford Rogers Builders’ New 
Project Engineer 


Milford E. Rogers, recently engi- 
neer and superintendent of the Wich- 
ita, Kan., Water System and later 
Acting Director of Service respon- 
sible for streets, 
sewage disposal, 
water supply and 
related functions 
for the City of 
Wichita, is now 
associated with 
Builders - Provi- 
dence, Inc. (div. 
of Builders lron 
Foundry), Provi- 
dence, R. I. 

In his new con- _ iiford E. Rogers 
nection, Mr. Rog- 
ers, as “Project Engineer,” will be 
concerned primarily with a combina- 
tion of sales and service in connec- 
tion with the company’s specialty of 
over 50 years in the design and 
manufacture of flow metering, flow 
control and related equipment for 
water and sewage works. 

Born in St. Louis, Mo., Mr. Rogers 
attended Washburn College and Kan- 
sas University, receiving a B.S. in 
C.E. from the latter institution. For 
several years he served the Santa Fe 
Railway Company in various capaci- 

ties on design, maintenance and con- 
struction, later entering municipal 
work in 1937. Mr. Rogers will make 
his headquarters in Providence, R. I. 











New Fairbanks-Morse 
Pump Div. Mgr. 


Fairbanks, Morse & Co., Chicago, 
has announced the appointment of 
John S. King as Manager of the 
Company’s Pump 
Division. 

Mr. King has 
had long experi- 
ence with the 
company starting 
as a student in 
the Beloit Plant, 
where he assem- 
bled and tested 
pumping equip- 
ment and Diesel 
engines. In 1921 John S. King 
he was trans- 
ferred to the Indianapolis Works of 
the company, building electric mo- 
tors and generators, and since that 
time has been successively territorial 
representative on pumping equip- 
ment (1922), Manager of the Pump 
Department of that branch (1930), 
and Manager of the New Orleans 
Branch (1937), which position he 
held until his recent appointment a 
few weeks ago. 

















































































































TRUSTWORTHY AS TIME 


It’s the consistent, day-in and day-out per- 
formance of Cook Deep Well Turbine Pumps 
that has justified their choice by men “Who 
Know.” For, the ONE thing no price list 
shows—no catalog illustrates—is the priceless 
experience of specially trained craftsmen who 
take pride in assuring you the closer toler- 
ances... finer finishes . . . higher efficiencies 
for which Cook products are famous. In 
deference to this genuine, painstaking crafts- 
manship we don’t strive to build aij] the 
world’s turbine pumps—/just the best ones. Send 
today for Cook Catalog 360-A, and be con- 
vinced. Choice of oil or water lubricated. 

In circle—view of Cook Flanged Coupling showing hea 

welded and bolted joint. Lett— section through Enclosed- 

Shaft Turbine. Note streamlined, mathematically precise 


passage through impellers and bowls to give maximum up- 
ward thrust to water column. 






WaTER Works & SEWERAGE, JUNE, 1945 





e There is a type of Rex Grit 
Collector available to meet any 
set of conditions. All types have 
incorporated in their design an 
exclusive recirculation feature 
that allows improperly sepa- 
rated materials, resulting from 
unbalanced conditions at low 
flows, to be returned to the 


channel during normal flows 


for resettling. 

Grit Chambers, constructed 
according to standard Rex de- 
sign principles, achieve highest 
efficiency through the use of 
properly proportioned channels 
of adequate liquid depth. Such 
chambers provide important 
control of velocity and distri- 
bution over a wide flow range. 





TYPE ME—For Medium Flows in 


Shallow Channels—suitable for flows 
from 1,400 g.p.m. to 17,500 g.p.m. per single 
unit. V-shaped buckets, mounted on corrosion re- 
sistant Rex Z-Metal Chain Belt, travel along the tank bot- 
tom and convey the settled material toward the influent end 
of the channel, where they elevate the grit to suitable height 
above operating floor for discharge into cans. Stirring 
interspersed between buckets to agitate 
settled solids. Buckets are equipped with perforated false 
bottoms to drain solids before discharge. Rex Grit Equip- 
ment also includes Type ME for medium flows in deep 
channels—Type MI for small flows in shallow channels 
and a Grit Washer for close separation of putrescible or- 


scrapers are 


ganics from inorganic material. 


Specially trained Rex sanitation equipment engineers can help you with 
your problems. For complete information, write Chain Belt Company, 











1610 West Bruce Street, Milwaukee 4, Wisconsin. 


Triturators « 








Advancements at Crane 


Crane Co., Chicago, has announced 
the appointment of Lucien W. Moore 
as Gen. Mgr. of Sales and Branch 
Houses, succeeding J. A. Dwyer, re- 
cently elected Vice. Pres. in Charge 
of Sales and Branch Houses. F. J. 
Wilkey, Dist. Mgr., Chicago, was ap- 
pointed Manager of the Valve and 
Fitting Department, the position oc- 
cupied by Mr. Moore until his recent 
assignment in France by the War 
Department. 

Mr. Moore was Mgr. of Sales of 
the Crane subsidiary in France until 
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SANITATION EQUIPMENT 


Bar Screens 
Aero-Filters « Rapid Mixers « Grit and Sludge Collectors and Grit Washers 


CHAIN BELT COMPANY OF MILWAUKEE 


Member of the Woter and Sewage Works Manufacturers Association, Inc. 


* Tow-Bro Sludge Removers « Slo-Mixers 





1940. 
cessively Manager of Pipe Sales and 


Since then he has been suc- 


General Purchasing Agent, before 


his appointment as Manager of the 
Valve and Fitting Department. He 
will assume his new duties on com- 
pletion of his present special mission 
for the government. 

Mr. Wilkey started with the com- 
pany in the Cleveland Branch in 
1929 and was made Manager in 1939. 
He was promoted to District Man- 
ager at Cleveland in 1942 and trans- 
ferred to the Chicago District in 
1944, 


“Sponge Alum” 


(Our Name wal ~<a 
) 


lum : Improve 


Recently in the Baltimore offies of 
| Activated Alum the writer was in. 
| trigued by two brilliant Photographs 
| remarkable for high-lights and detail 
| One was of a pile of polished Tice con. 
| trasted to a pile of puffed (explodey, 

rice—one dense and non-absorbent, the 
other highly porous and absorbent. The 
second picture contrasted a pile of high 
purity crystallized filter-alum with 3 
pile of highly porous “Activated” alum, 
These photographs are here reproduced, 


Fred Stuart, Activated’s president, 
explained that the photographs were 
made to illustrate without words the 
physical nature of the improved Acti- 
vated Alum which is so porous and ab- 
sorbent that it disintegrates and dis- 
solves almost instantaneously upon 
hitting the water when fed from dry- 
feeders. 


It has frequently been stated that the 
weakest part about dry chemical feed- 
ing is the smallness of the solution box 
which permits incompletely dissolved 
coagulant to enter the water with re 
sulting efficiency loss if not economic 
loss also. With the highly porous and 
rapidly disintegrating “Activated 
Alum” the solution box deficiency is 8 
factor of far less consequence—prob- 
ably accounting for less of the porous 
alum being required in some instances. 


For lack of a more descriptive or ap- 
propriate term we have called the im- 
proved product “Sponge Alum.” If you 
wish more detailed information or 4 
sample of this porous alum, write Ac 
tivated Alum Corp., Curtis Bay, Balti- 





more, Md. 
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Food Machinery Buys 
Dayton-Dowd 
To Become Branch of 
Peerless Pump Div. 


Dayton-Dowd Company of 
one of the oldest and 
jent pump companies 


The 
Quincy, Iil., 





largest jndepen¢ 
in the country, was recently pur- 


chased by Food Machinery Corp. 
and will become a branch of Peerless 
pump division of Food Machinery 
Corp. Clarence M. Frazier will su- 
pervise all branches of the division 
th H. J. McKenzie, who has been 
transfer- 
that 


wi 
Mr. 
ring to 


assistant, 
to 


Frazier’s 
Quincy 


control 














branch. 

















Clarence M, Frazier 


Heary J. McKenzie 


Purchase of the company brings 
the number of affiliated plants to 15 
under the control of Food Machinery 
Corp. The Peerless Pump division 
covers the United States with a sales 
organization and now has factories 
in Los Angeles, Quincy and Canton. 
It is now a manufacturer in both 
the horizontal centrifugal pump 
field as well as in the vertical tur- 
bine pump field. 


Plans of Food Machinery call for 
continuation of the present plant in 
Quincy as Peerless Pump Division, 
Inc. It will be a branch of the Peer- 
less Pump Division with headquar- 
ters in Los Angeles. Other branches 
and offices of Peerless’ include 
Fresno and Bakersfield, Calif., Can- 
ton, Ohio and Plainview, Texas. 

All present lines now made by 
Dayton-Dowd will be continued, aug- 
ménted, and expanded. Distribution 
will continue under the present sales 
representation. 


Mr. William C. Dowd, vice pres. 
of Dayton-Dowd, will continue as 
executive in charge of engineering 
of the Quincy branch with Rome A. 
Terwelp and Carl N. Adams remain- 
ing in their present capacities of 
factory manager and assistant man- 
ager in charge of the office, respec- 
tively. 

















QUIMBY 
PUMPS 


ee 


H. K. PORTER 


COMPANY, Inc. 


PITTSBURGH 22, PENNSYLVANIA 


QUIMBY PUMP DIVISION 


Factories: Newark, N. J. e New Brunswick, N. J. 


McKeesport, Pa. 


Quaker Improved 
Chlorinated Lime 

Although still in demand for mili- 
tary needs, the Pennsylvania Salt 
Co. has announced that its Quaker 
Improved Chlorinated Lime is now 
available for civilian uses. This ma- 
terial conforms to Chemical Warfare 
Service Specifications No. 197-54- 
281B, Grade II. 

New methois of controlling manu- 
facture demanded by military needs 
have resulted in a material having 
better stability characteristics, more 
uniformity and a lower moisture 


340 THOMAS ST., 


e Blairsville, 
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NEWARK, N. J. 


e Pittsburgh,Pa. 


Pa. « Mt. Vernon, Ill. 


content. Further information on the 
material may be obtained from the 
Pennsylvania Salt Mfg. Co., 1000 
Widener Bldg., Philadelphia 7, Pa. 





G. James Joins Phipps & Bird 

Mr. Lloyd C. Bird, Pres. of Phipps 
and Bird, of Richmond, Va., has 
announced that Garland James is 
now associated with the company as 
vice-president. Mr. James was for- 
merly treasurer and superintendent 
of the Richmond Foundry and Man- 
ufacturing Co. 
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Yeomans Adds Mechanically | 
Cleaned Bar Screens | 


Addition of mechanically-cleaned 
bar screens to its line of sewage 
treatment equipment has been an- 
nounced by Yeomans Brothers Com- 
pany, Chicago. These screens which 
include angle and vertical types may 
be operated either automatically or 
manually, with open, semi-enclosed 
or fully-enclosed varieties available. 














NS 








One feature of the Yeomans 
screens is the arrangement of the 
spring-steel cleaning fingers in re- 
lation to the fixed bars of the bar 
rack. Each fixed bar at the bottom 
is offset, permitting the fingers of | 
the rake head to enter the fixed-bar | 
apertures and make sliding contact 
with each bar. It is this action which 
cleans the bar screens. 

The rake head is held fixed and | 
rigid throughout the full upward 
travel and then automatically dis- 
charges at point of disposal from the 
screen. On the downward travel the 
rake head is again locked in the 
cleaning position. It cannot tilt or 
climb over screenings. Bull. 6900 | 
which gives detailed information on | 
the screens, and detail drawings 
may be obtained from Yeomans 
Bros. Co., 1433 N. Dayton St., Chi- 
cago 22, Ill. 


Maritime “M's” to Chicago 
Pump and Homestead Valve | 
Homestead Valve Mfg. Co., Cora- 
opolis, Pa., has received its fourth | 
star to be added to its “M” pennant | 
and the Chicago Pump Co. has just 
received its Maritime “M” Flag. The | 
Chicago Pump Co. award was for | 
engineering results accomplished | 
with the “Flush-Kleen” sewage 
pumping system and centrifugal ma- 
rine pumps for circulating condens- 
ate and bilge services. 
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OMEGA 
Vhemical teeders 


A COMPLETE LINE 






e UNIVERSAL 


The illustration shows a Universal Feeder with 
lead lined dissolving chamber, stainless steel] high 
speed mixer, and Rotameter on water supply, 
These accessories recommended for feeding Ferri- 
sul, Ferrifloc and low grade alum. Included also is 
a bucket elevator for use where overhead storage 
is not available. Note low and high level controls 
on feeder and elevator housings. Dust remover 
makes hopper charging a completely dustless oper- 
ation. Complete chemical feeding systems are en- 


gineered and built to fit the job. 
LOSS-IN-WEIGHT TYPE 


GRAVIMETRIC > is ai * 


This is without a doubt the most accurate type 


















chemical feeder made. Indicates the weight of ma- 
terial in the hopper at all times on the scale beam. 
Feeds lump, granular or powdered materials at 100 
different rates by increments of 1% of the maxi- 
mum rate of feed. No calibration is required. The 
rate of feed is automatically controlled by the loss 
in weight in the hopper of material. Records every 
pound of material delivered by the feeder on a 
mechanical counter geared to the lead screw which 
retracts the counterpoise. 

























The size No. 1 feeder illustrated feeds up to 2000 pounds per hour. 








PRECISION SOLUTION 
* FEEDER 


Not an orifice feeder but a true Volumetric feeder 
of the most accurate type for feeding solutions of 
Calgon, Hypochlorite, Copper-Sulphate, Ammonium 
Sulphate, etc. Feeding range 100 to 1, from 1/25 
to 200 gallons per hour. Standard tank sizes, 25 
to 200 gallons. Where electricity is not available, 
eight-day spring motors are used; meter-paced con- 
trol is easily accomplished for flow proportional 
feeding. 





















500 LB./HR. SLAKER 
FEEDER AND — 
500 LB./HR.SLAKER > 


A feeder of extreme accuracy, weighing ma- 
terial continuously on a short conveyor belt 
carried on sensitive scales. Can be set by a 
single dial to feed within 207, of the desired 
rate, and any departure from weight per unit 
of volume is automatically compensated. 
Alarms prevent over or under feeding; totalizer 
and recorder keep complete records of ma- 
terial fed. (Bin gates and extension hoppers 
not shown but available to specifications). - 













Bulletins on request 











OMEGA MACHINE COMPANY 


(Division of Builders Iron Foundry)) 
10 CODDING ST. PROVIDENCE 1, R. I. 
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Notice how the two interengaging impellers of 
the POTTSTOWN Rotary Blower rotate in opposite 
directions. The concave portion of each impeller alter- 
nately carries along a pocket of clean air as it passes 
over the bottom inlet. This impulse of air is swept 
half around the interior of the casing wall and then 
forced through the top outlet. At operating speeds 
these alternating impulses merge into a continuous 
flow of air to your diffusers. The impellers are inter- 
engaged by timing gears operating in an external 
sealed-case vil bath. 

Eficient positive displacement is accomplished with POTTSTOWN 
Blowers because their precision machining permits close tolerances 
of only .003” on moving parts. Their efficiency is maintained during 
long life because there is no actual contact or surface friction between 
the impellers themselves—nor between impellers and casing interior. 
No wearing parts here! 
With friction eliminated, interior lubrication is unnecessary. Only 
dean air— uncontaminated by lubrication —is delivered to the 
diffusers in your sludge tanks. No valves, springs, pistons, sliding 
vanes, or other friction parts to wear out or cause repairs. THAT'S 
the inside story of the POTTSTOWN Blower! 
Simplicity of design—sturdy construction—precision 
machines—THESE FEATURES eliminate maintenance 
and adjustments, even on daily 24-hour service! 

End view ‘of blower with headplate 


removed to show impellers and 
precision machining. 


Write today for our 
new Bulletin No. P-100. 


ALLEN BILLMYRE COMPANY, 449 Fayette Avenue, Mamaroneck, N. Y. 


POTTSTOWN 


ROTARY POSITIVE DISPLACEMENT 
BLOWERS AND EXHAUSTERS 








The following chemicals are efficiently and economi- 
cally handled by DRACCO Pneumatic Conveyors in 
Water Works and Sewage Treatment Plants located in 
all parts of the country. Alum, lime, soda ash, aux- 
ite, ferrous sulphate, pebble lime, activated carbon, 
and ammonium sulphate. 


A PARTIAL LIST OF DRACCO INSTALLATIONS 


FRIDLEY FILTRATION PLANT y 
Washington, D. C. 


Sandusky, Ohio 


MAHONING VALLEY SANITARY DISTRICT 
MUNICIPAL WATER PLANT Columbus, Ohio 
MUNICIPAL WATER PLANT Peru, Iil. 
U. S. GOVERNMENT FILTRATION PLANT. .Ft. Leavenworth, Kans. 
MUNICIPAL WATER PLANT Hamilton, Ohio 
BACHMAN WATER PURIFICATION PLANT Dallas, Texas 
MUNICIPAL WATER PLANT Richmond, Va. 
MUNICIPAL WATER PLANT Springfield, Il. 
MINNEAPOLIS-SAINT PAUL SANITARY DISTRICT. .St. Paul, Minn. 
(Sewage Disposal Plant, 2 installations) 
MUNICIPAL WATER PLANT (2 installations) Milwaukee, Wis. 
MUNICIPAL SEWAGE DISPOSAL PLANT....Oklahoma City, Okla. 
MUNICIPAL SEWAGE DISPOSAL PLANT Denver, Colorado 
MUNICIPAL WATER eos Covington, Ky. 
MUNICIPAL WATER PLA 
CLAYTON SEWAGE DISPOSAL PLANT 
SEWAGE DISPOSL PLANT (2 installations) 
MUNICIPAL WATER PLANT 
MUNICIPAL WATER PLANT 
MUNICIPAL SEWAGE a PLANT 
MUNICIPAL WATER PLA 
CITY OF TORONTO WATER Works PLANT 


Cleveland,Ohio 
Benton Harbor, Mich. 
Warren, Ohio 
Detroit, Mich. 


Toronto, Ontario 
Ottawa, Kansas 

El Reno, Oklahoma 
Grand Forks, North Dakota 
Pittsburgh, Pennsylvania 
Wichita, Kansas 
Indianapolis, Ind. 
Appleton, Wis. 
Chillicothe, Ohio 


INDIANAPOLIS WATER CO 
WATER FILTRATION PLANT 
MUNICIPAL WATER PLANT 


And a large number of installations in water works of 
Ordnance Plants 


Write for Bulletin No. 526 
DRACCO CORPORATION 


4079 E. 116th St., Cleveland 5, O. @ New York Office, 130 W. 42nd St. 


| PNEUMATIC CONVEYORS ¢ OUST COLLECTORS | 
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HILL-HUBBELL 


FACTORY PROCESSED 
STEEL PIPE 


PROTECTION 











Specify. 
HILL-HUBBELL — 
in your plans 


FACTORY oon PIPE 
/S READY TO INSTALL 


HILL-HUBBELIL processed Steel 
Pipe has three big advantages over the 
field job. No. 
and—wrapped protection is applied at 


1—Multiple coated— 


our factory, the pipe is delivered 
ready to install, thus saving time. No. 
2—Pipe line engineers can figure time 
costs more accurately in advance, be- 
cause of less risk of delay. No. 3— 
HILL-HUBBELL standardized pipe 


protection will give longer service life. 


GENERAL PAINT CORPORATION 


HILL, HUBBELL & CO. « Division - Cleveland, Ohio 


* EXPORT OFFICE: SAN FRANCISCO, CALIFORNIA, U.S. A.* 





. for ACCURACY relate| 
TROUBLE-FREE OPERATION 


WILSON 


HYPO - CHLORINATOR 


|MINERALEAD 


for Bell & Spigot } Main 

° Sulphur bose; “quick { sealing, speeding laying and 
backfilling. 

© 10 Ib. ingot form, easily handled, stored and shipped. 
impervious to rain. Cannot change composition. 

© Makes permanently tight joints. Goes 3 to 5 times as 
for os lead, helping conserve a strategic war metal. 


© For money-saving information, write 








The ATLAS MINERAL Products Company of Pa. 


CHEMICAL FEEDERS, INC. 


| 203 CLINTON STREET so«x-. 


Merittown Pennsylvania 





WaTER WorKs & SEWERAGE, JUNE, 1945 





BUFFALO 4, N.Y. ' 


_Development and Tech. Sery. 


icent succeeds R. 
|Dir. of Research and Development 
\for fourteen 
'been appointed technical advisor ty 
ithe company. 


| Mathieson Makes Vincen} 
| Technical Director 


Dr. G. P. Vincent, Mgr. of Sales 


Mathieson Alkali Works, Aa. > 


appointed to the newly Created pog 
tion of Technical Director. In ods 
tion to his former duties, Dy. Vin, 
cent will direct research ang tech. 
nical development and advise oy 


‘technical matters concerning Dlant 


operation. 














G. P. Vineent 


R. E. Gage 


In these latter capacities, Dr. Vip. 
E. Gage, who was 


years. Mr. Gage has 


Dr. Vincent is known in the water 
works field for his work on sodium 
chlorite and chlorine dioxide for 


| water treatment, and a paper which 


‘he co-authored on this subject ap- 
pears in the Reference and Data 


‘Section of this issue. 





M-S-A Philadelphia Office 
Moves 


Since the middle of April, this 


year, the Philadelphia office of th 


Mine Safety Appliances Co. has been 


located at 5564 Baltimore Ave., Phil- 


adelphia 43, Pa. 














EDSON 
DIAPHRAGM PUMPS 


Hand Sizes 2”, 244”, 3”, 4” 
Power Sizes 3” and 4” 
Open Discharge or Force Pump 
Edson Special Suction Hose 
Red Seal Diaphragms 
Strainers and Foet Valves 
Hose Spanners—Adapters 


THE Epson Corporation 


Main Office and Works: 49 D St. 
South Boston, Mass. 


New York: 142 Ashland PI., Brooklya 
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The “well-rated” pump 


—engineered 
to fit your well 
—for economical 


water pumping. 


A good water well is an asset worth many times 
its cost. But a well is no better than its pump. 
By installing a Peerless Turbine Pump you get 
the fullest value from your well because the 
pump is engineered to fit your well. 


FIRST IN QUALITY—Peerless design and con- 
struction reflect the finest engineering. The de- 
sign is a proved success, demonstrated by the 
thousands of Peerless Pumps operating in ev- 
ery field. Embodying the finest materials, 
Peerless construction reflects the highest stan- 
dard of quality. 


FIRST IN ECONOMY-—Peerless Pumps main- 
tain their original efficiencies far beyond nor- 
mal, due to their advanced design. Double 
bowl bearings, double impeller seals, precision 
finish of runner vanes and seasoned castings 
insure accuracy of fit and smooth running for 
years to come. 


FIRST IN DURABILITY—Peerless Pumps are 





tel 









noted for their long life—years of extra serv- 
ice, due to their precision workmanship and 
rugged stability. 


Capacities —10 to 220,000 gallons per minute. 


Peerless Turbine Pumps can be installed in 
deep or shallow wells—operating by direct 
connected electric motor, geared or belted 
head—for pumping into pressure main, ele- 
vated tank or into open reservoir. 


Peerless Distributors and Direct Factory 
Representatives are located in every State. 


PEERLESS PUMPS 


| PEERLESS PUMP 301 W. Ave, 26, Los Angeles 32 
|. © 1250 Camden Ave. S.W., 
DIVISION Gone ro 


Canton 6, Ohio Other 
Food Mochinery Corporation . 





TURBINE 
HI-LIFT 
HYDRO-FOIL 









Factories: 
Son Jose 5, Fresno 16, Colif. 

















‘Extra Long Taper 
of the new 
RIFEIb 
LonGriP 
Pipe Reamer 

























means 
safe, easy 
reaming of 
burr only 














@ It cuts the burr out clean as a whistle— but it 
doesn’t gouge, thin or split the pipe. Quick 
easy feather-light strokes, no effort at all. 
The trick is in the extra long taper — it saves 
you work and pipe. Complete with ratchet 
handle—or you may buy reamer unit alone 
for use in your RI@eaiD No.00R threader han- 
dle. War demand exceeds our vastly increased 
output — we're doing our best to make deliv- 
eries to your Supply House. Keep asking. 





Reamer unit fits No. 
OOR ratchet threader 
handle. 





WORK-SAVER PIPE TOOLS 


THE RIDGE TOOL COMPANY - ELYRIA, OHIO, U.S. A. 
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A MESSAGE 





to WATER 
WORKS 
OFFICIALS 


No peacetime industry has escaped the consequences of total 
war. Dislocations, restrictions, emergency regula- | | 
tions, shortages in labor and supplies, etc. have ham- | | 
pered operations for all, some suffering more se- | 

verely than others. 


As a result of war contingencies during these past few years | 
which have been so hectic, the American Norit Co., | | 
Inc. has been forced to severely curtail its production. | 
V-E Day doesn't seem to be far off now and with the | 
cessation of hostilities, it is hoped that full scale pro- | | 
duction can be resumed, enabling us to meet all de- 
mands for NORIT with the same promptneéss as be- 
fore the war. 


AMERICAN NORIT COMPANY, INC. | | 


Jacksonville Florida | 
Selling Agents: 
L. A. SALOMON & BRO. | 


216 Pearl St. New York 7, N. Y. 














WATER MAIN DISINFECTION. 
Complete Service 

furnishing | 
Chlorinating Equipment | 
All Chemicals | 

and | 
Supervision of 

Chlorination 


Call or Write for Estimate 


LUTHER and WOOD 


1427 Eye St., Washington 5, D. C. 
Phone NA. 5934-0906-1561 






Any Size 
Any Place 
Any Time 








Water Works & SEWERAGE, JUNE, 1945 





Westinghouse Votes Name 
Simplification 

Also Splits Stock to Increase Availability 
to Greater Numbers 


Stockholders of the Westinghouse 
Electric and Manufacturing Com. 
pany at their recent annual meeting 
voted to split the company’s stock on 
the basis of four shares of new stocy 
for one of old. Also it was voted to 
change the cumbersome name of the 
company merely to Westinghouse 
Electric Corp. for simplicity and 
brevity. 

Purpose of the stock split is to 
broaden the base of Westinghouse 
ownership by making the stock ayajl. 
able in greater number of shares at 
a lower price. 


Authorized capital stock of the 
company today is 4,000,000 shares, 
consisting of 80,000 shares of pre 
ferred and 3,920,000 shares of com- 
mon, all with a par value of $50.00, 
Total authorized shares of the new 
stock will be 16,000,000, of which— 
on the four-for-one basis—319,89§ 
shares of preferred and 12,531,264 
shares of common will be outstand- 
ing. Par value of the new stock, 
both preferred and common, will be 
$12.50. 

Reclassification of the stock will 
not in any way change the prefer- 
ences or relative rights of the stock- 
holders and there will be no change 
in the terms of either the preferred 
or the common. Neither will the re 
classification of the shares result in 
any change in the capital structure 
or surplus, or other accounts of the 
company. 

There are now about 48,000 West- 
inghouse stockholders and none owns 
more than 1.5 per cent of the stock. 











GASKET AND FORM 


The Perfected Method for Making 
Sewer Pipe Joints of Cement 


@ No jute used—gasket centers spigot. 
@ Definite space in each joint for cement. 


@ Form confines cement-grout to lower portion 
of joint. 


@ Particularly advantageous in water-bearing 
trenches. . 


@ Infiltration minimized. 


L. A. WESTON Adams, Mass. 


— —— 
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KLETT SUMMERSON | 
































ELECTRIC PHOTOMETER 
_ Adaptable for Use in Water 3 
- Analysis yy Py 
. , 





USe 

and 

t ACE SOLID HARD RUBBER PIPE: Sizes %” to 8”. ACE 
0 HARD RUBBER LINED PIPE: Sizes 1%” and up. ACE 

Use HARD RUBBER FITTINGS: Threaded type, %4” to 6”. Flanged 

type, 1%” to 8”. 

ail. 

bs | AMERICAN HARD RUBBER COMPANY 

the Can be used for any determination in | | presents 

es, which color or turbidity can be devel- | | 

* oped in proportion to substance to be AC y i R [ } B B FE R 

m- > 


determined. 


KLETT MANUFACTURING CO. and SARAN 


179 EAST 87th STREET @© NEW YORK 28,N.Y. | | PROTECTION AGAINST CORROSION 


96 
64 
d- :' -_ — A complete line of equipment, proofed against 
k, 
de 

















corrosion! Provided in a two-fold Ace service: 
1. A protective surface over metal tanks and 


WRITE FOR THIS * - i parts, and 2. Solid hard rubber and Saran 
So eee 8 molded parts. Tank lining material used may 


oe | be Ace rubber, both soft and hard, Thiokol, 
BOOK BY DR. HALE é Neoprene and other synthetic rubbers. 


. Tells How To Illustrated are Ace Hard Rubber Flanged Pipe 
Ang: ting, Fittings and Ace Hard Rubber Lined Gate 
foe)  pacde) & Valves. There are many other products, in- 
cluding storage tanks, pumps, filters, agitators, 

etc. Our engineers are at our service . 
backed by the experience gained in working on 


most of America’s successful sewage disposal 
and water purification installations. 


This revised and en | AMERICAN HARD RUBBER COMPANY 


larged edition, writ- 























: ten by Dr. Frank E. Hale,* : 11 Mercer St., New York 13, N. Y. Akron 9, Ohio 

’ describes in detail methods of | oo AN AUTHORITATIVE WORK 111 West Washington Street, Chicago 2, Ill. 
controlling various forms of micro- CONCERNING THE CONTROL OF | | 
scopic life Pwapronincd <~ with in MICRO-ORGANISMS AND ELIMI- VALVES. Gate, diaphragm and chook valves with perfectly 
water supply systems. escriptive bonded rubber protection for all surfaces in contact with corro- 
material includes 48 clear photo- UIEN OF TASS AD COURS sive solutions. 


micrograph studies of organisms discussed. Simplified : 
methods of applying copper sulphate are also shown. 
...Many of the most important water works specify 
Nichols Triangle Brand Copper Sulphate. Triangle Brand 
is available in several convenient sizes for water treat- 
ment. Write today for details and book. 

* (Director of Laboratories, Dept. of Water Supply, City of New York 


NICHOLS 














meron TRIANGLE BRAND /:\ ee 








COPPER SULPHATE 


MALE BY 
PHELPS DODGE REFINING CORPORATION 
Electrolytic Refiners of Copper 
40 WALL STREET, NEW YORK 5, N. Y.* 230 N. MICHIGAN AVE., CHICAGO 1, ILL. 
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OTHER 
“CHEMCO” PRODUCTS 
FILTERS 
WATER SOFTENERS 
HYDROGEN ION PLANT 
COMPLETE PURIFICATION 
SYSTEMS 
FOR SWIMMING POOL 
arc 


CHEMCO TYPE M-5 
CHEMICAL EQUIPMENT CO. 


taseoneare ’ 
* LOS ANGELES 54 
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LITERATURE AND 
CATALOGS 





For a number of years now, we’ve 
been a consistent reader of Ray 
Sparling’s Metrograms, and there 
have been many occasions when in 
the course of preparing a lecture, we 

| have used Mr. Sparling’s Metrogram 


| as source material. It’s hard then to | 


| realize that in the 26 months we’ve 


| been writing this section of Water | 


Works and Sewerage we have failed | 


| to mention Sparling’s Metrograms 
| once. 


Mentioning it three times in the 
| above paragraph hardly makes up 


| for the previous omission, for if you | 


don’t know about this 
| mimeographed folder issued month- 
| ly, you certainly should be told in 
order that you may have your name 


four page | 


put on the mailing list. For this lit- | 


rect mail advertising— it is an en- 
|cyclopedia of interesting informa- 
tion about water in civilization from 
prehistoric times to the future; it is 


always contains 
| written in short, short story dialogue 


| form about the trials, tribulations 


a source of jokes, some good, some | 
| bad; it is a news paper; and it nearly | 
a good editorial | 


tle item is more than a piece of di- | 


OF THIS PIPE 


and successes of one Tom, Asst. | 
|Supt. at Jordantown and Cappy | 
Tolliver of Dimesville. Of course 
|there’s always something about 


| Sparling meters installed somewhere, | 


but even that is interestingly done 
/and we can recommend you write 
| Sparling at Los Angeles, Cal., if 
you’d like something good to read 
besides Water Works and Sewerage. 


* + 


Today, in modern slang, if your 
statement has the approval of your 
listener, he most likely will say, 
“Now you’re cookin’ with gas,” or 
some such alleged witticism, but a 
decade or more ago “Amos and 
Andy” had most of the radio listen- 
ing public saying “Check and Dou- 
ble Check” for anything that was 
O.K. Now Rensselaer check valves 
have nothing to do with current or 
past slang but from the pictures 
shown and data and information 
listed in Bull. V-1, these check valves 
_must be O.K. 


| For example, there is List 340, 
_the Clearway Quiet Closing Check 
Valve which eliminates “slamming” 
and has 11 other “points of supe- 
riority.”” Then there are List 37, 
| standard swing check valves; List 








MORE 
AND 
MORE 











BEING USED FOR 


©@ House-to-Sewer Connections 
© Downspouts 
@ Industrial Drainage 


® Septic Tank Filter Beds 
(Perforated) 


®@ Foundation Drains 
(Perforated) 


ORANGEBURG is the non - metallic, 
non -corrodible, root- proof pipe 
that has met with such wide favor 
because of its long, trouble-free 
life, moderate cost and ease of im 
stallation. TAPERWELD joints re 
quire no cement, stay permanently 
tight. 


OrANceEBURG Pipe has many inter 

esting characteristics. Let us send 

you bulletins showing mechanical 

strength, hydraulic and chemical 

properties. Write today. THE FIBRE” 
Conpuir Co., Derr. WWS - 6-45, 

Orancesure, N. Y. 


ORANGEBURG 


<{Eir>. 


S 





























HOW TO RUST-PROOF \ 
SUBMERGED METALS. .: 


ermaneny 










DC electric current of low voltage, low amperage, properly 
| balanced and controlled as required by the water through 
| which it passes and the metal it is to protect. prevents corrosion 
>) of the metal by oxygen in the water. It therefore stops rust 

formation by oxidation. This is 
bow the Electro Rust-Procfing Sys- 
tem of Cathodic Protection. It 
has been applied to thousands 
finctece Of tanks, standpipes, deep 
wells, flocculators and many 
other types of water storage 
and water handling equipment. 
It is engineered to every instal- 
lation. It stops the formation of 
rust below the water line to- 
\ Rector tally and permanently, there- 








| 7° fore kills the greatest single 

novac item of tank maintenance cost, 

the major cause of tank depre- 

\| gma ciation. Recognized and advo- 

eo cated by independent authori- 
II ties. Write for iree data. 


| ELECTRO RU ROOFING 
orfpoor Alon 


DAYTON 10; OHIO, U.S. A. 














TYPE ''A’’ DAYTON-DOWD 
CENTRIFUGAL PUMP 


@ WATERWORKS 

@ INDUSTRIAL PLANTS 
@ FILTRATION PLANTS 
@ MINES, ETC. 
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For general continuous duty 


PUMPING SERVICE 











TYPES — Single stage, single suction, sizes 2” and 3”. Single 
stage, double suction, sizes 21/2” to 42”. Capacities up to 60, 
M. 


SPLIT CASE DESIGN — For easy accessibility. Available in either 
cast iron, chrome iron, cast steel, bronze, monel and other alloys 
IMPELLER — High efficiency design. Made of cast bronze. Also 
available in KA-Z stainless steel, cast carbon steel, monel or other 
alloys. 

DRIVE UNITS — Pumps can be supplied with dual drive hookup; 
electric motor and steam turbine; electric motor and gas engine. 
Twin pumps-also available with one electric motor. 


| FREE DATA BOOK. Write on your business letterhead for 
FREE data book and catulog. Address DAYTON-DOWD 
Company, Dept.s.)5, Quincy, Illinois. 








$ 


‘Dayvton-Dowpnb 


Turbine Pumps ¢ Centrifugal Pumps 

















LARGEST 
CITY TO 
SMALLEST 
VILLAGE 


NSTALLATIONS 
WORLD WIDE 


Chicago 6 








taste. 





Write for 


Catologue and Information 


IOWA VALVE CO. 


oil removal. 








CONTACT 


LAKESIDE ENGINEERING 
CORPORATION 


222 West Adams St. 


FOR 


WATER SOFTENING by the 
_ Zeolite or Lime-soda methods. 


| WATER FILTERING to remove 
Suspended solids, color, odor or 


SEWAGE TREATMENT by the 
Aero-filter which offers all of the 
advantages of other types of 
trickling filters plus better mo- 
mentary distribution. 


Spiraflo Clarifier for improved 
clarification, including scum and 






BE PREPARED 
FOR THOSE FIRES 


Here is a fire hy- 
drant that 
into action FAST! 
Designed to de- 


goes 
Illinois 
liver plenty of 
water in a hurry. 
Helps cut fire 


losses and saves 


your city money. 
For the full story 
on MUELLER- 
COLUMBIAN Fire 
Hydrants write for 
four- 
page folder. All 


the facts — 


our latest 


con- 
densed for quick 


reading. 


MUELLER CO. 
CHATTANOOGA 1, TENN. 


DECATUR, ILL LOS ANGELES, CALIF 
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WATER WORKS ENGINEERS 
DEPEND ON 








LIQUITROL 


THE MODERN METHOD TO CONTROL 
pH, CHLORINE AND PHOSPHATES 






Taylor Liquitrol is the scientific method 
for determining pH and Chlorine values 
in water . .. and includes the one 
compact complete unit that mee:s all 
requirements for accurate determina- 
tions by water and sewage engineers 
and chemists. 


The Taylor Liquitrol Method requires 
no costly investment in laboratory facil- 
ities. It includes Taylor Comparators 
from $16.00 up, with color standards 
guaranteed uncond.tionally against fad- 


ing, specifically designed for wate: 
W.ia8 veterminations. 
Send for free book. 84 pages of 
latest jacts, procedures and laylor 


Liquitrol methods and outfits. See 
your deaier or write direct. 


W. A. TAYLO 


* BALTIMORE-4, MD 


= 


7308 YORK RD 


PITTSBURGH 


Ws 4 Ow ly GG 


ALSO MADE IN SPLIT-CASE TROPIC) 


Pittsburgh Equitable Meter Co. 
Pittsburgh 8, Penna. 
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370 Quiet Closing Check Valves; and | 


List 39, heavy pressure check valves, 
each of which has its particular uses 
and afivantages. 


Bull. V-1 also shows pictures of 
yoke valves, gate valves, fire hy- 
drants, floor stand valves, motor op- 
erated valves, and several other 
units about which one may also say 
“Check and Double Check.” For 
your catalog files check Bull. V-1 of 
the Renssalaer Valve Co., Troy, 
ae we 


If you have ever tried to control 
the flow of milk of lime solution, 
particularly at low rates of feed, 
you have had your share of head- 
aches. According to a large catalog 
sheet (folded for mailing), issued 
by Hills McCanna Co., Hills-Me- 
Canna (Saunders Patent) Valves 
will eliminate the difficulty to 
which you have been accustomed. 


This sheet shows a large cut- 
away view of the diaphragm valve 
which is “designed to Overcome the 
limitations of plug cocks, gate and 
globe valves.” Available in rubber 
lined, glass lined, lead lined, alloy 
bodies, chain operated, angle types, 
etc., these valves 
boxes or stem packing, no pockets 
or ports to accumulate material, no 


have no stuffing | 


dependence on metal to metal seat- | 


ing, and many other advantages. 
Both air and water models are 
available with either rising or non- 


rising stem. There is also a quick | 


opening type. 


It is claimed that there are more 
than 500 service applications, and 
we can think of a 
both water and sewage plants, not 
the least of which is handling lime 
solutions in sludge conditioning 
plants, or on sludge, gas, air or 
water lines for that matter. The 
Hills-McCanna Co. will be glad to 
send you one of these sheets or 
other information on these valves 
if you will write them at 2349 Nel- 
son St., Chicago, III. 


* 





* 





* 


If what we read in the March, 
1945 issue of Paper Trade Journal: 
on “The Use of Activated Silica in 


the Coagulation of Highly Colored | 
Water” by R. E. Noreus, is true, then | 
it appears that the industrial water | 


producers are taking up with this 
treatment much more rapidly than | 
are municipal water works. Now 
this is no ballyhoo on our part | 
about the use of Activated Silica, | 
for we believe that the process | 


should stand on its own merits, but | 


lot of them in | 















































AERATOR— 
MIXER 


A Size and Type to 

Fit Your Problem in 

Water or Sewage 
Treatment. 

















WRITE FOR INFORMATION 


LEADITE 


Material for 












The P oneer Self-Caulking 






















USED | 



























EVERY WHERE! 


Hundreds of water works men have 
used Leadite . . . saved with Leadite 

. proved the dependability of 
Leadite under most all conditions of 
bell and spigot water main construc- 
tion, 


THE LEADITE COMPANY 


Girard Trust Co. Bidg., Philadelphia 2, Pa. 
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te degree of water processing 
ie necessary for the production of 
an industrial product, this silica 
treatment has been found suc- 


cessful. 

Qf course we should not forget 
that Water Works and Sewerage 
published the original work on ac- 
tivated silica and only a year ago 
published another comprehensive 
article on the subject but the point 
that struck us in this case was the 
appearance of an article on the 
subject of water treatment in a 
frade journal not concerned with 
the production of water per se, but 
only as a tool in the major indus- 
try being described. Without at- 
tempting to review the contents of 
the paper we can say that it should 
be of considerable interest to any 
one interested in the possibilities 
of activated silica in water coagu- 
lation. 




















In a four-page folder the Buffalo 
Gasoline Motor Co. presents a good 
argument for Buffalo Gas and Gas- 
oline Engines as standby power in 
flood protection works. The pic- 
tures show locations of pumping 
stations powered by these gasoline 
or gas engines in flood areas, 
where, during high waters, it is 
often necessary to pump drainage 
from a townsite up to the level of 
the stream which flows by, high 
above. Installations in Tennessee, 
Connecticut, and Massachusets are 
shown. We know a number of sew- 
age plants in the mid-west that 
could also use some good standby 
pumping units to keep the water 
outside the dikes. 








For that matter these motors and 
engines need not be confined to 
flood water pumping but are, or 
can be, standby producers of elec- 
tricity in case of power failure for 
any other reason than floods. From 
the folder it appears that all sizes 
of engines are available from 85 
to over 300 bhp. and they can be 
connected to vertical and horizon- 
tal centrifugal pumps, generators, 
or deep well pumps. This folder 
and other information may be ob- 
tained by writing to the Buffalo 
Gasolene Motor Co., 1280-90 Ni- 
agara St., Buffalo 13, N. Y. 








Here’s an interesting and help- 
ful new booklet—just off the press, 
issued by the Reilly Tar and Chem- 
leal Corp. of Indianapolis, Ind. 








teresting to note that where | 


for 
CORRECT PLANNING 
and SPECIFYING 





It gives much interesting and helpful in- 
formation on positive displacement and 
centrifugal aerating blowers, positive 
displacement digester gas meters, and 
filter vacuum pumps. The vital part 
played by air in sewage treatment is ex- 
plained, together with the advantages of 
various types, drives, etc. Typical "R-C” 
installations are also shown. We have a 
copy of Bulletin 23-B-12 for you. 


ROOTS-CONNERSVILLE. 
BLOWER CORP. 


One of the Dresser Industries 
506 Mount Avenue Connersville, Ind. 











ACCLAIM 





RENSSELAER VALVE COMPANY 





Recent preference indica- 
tions from hundreds of wa- J} 
ter works superintendents | 
everywhere show RENSSE- 
LAERS (Coreys ’til 1942) 
as leading. 


Some of the reasons for 
this preference are given in 
our Bulletin W. May we 
send it to you? 





Troy, N. Ve | 
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Here’s your modern meter set- 
ting for modern basements. All 
brass and copper, it is attrac- 
tive in appearance, lasts a life- 
time, minimizes pressure losses. 
The COPPERHORN is easy to 
install, putting the meter at 
the desired height, in the 
preper position, requiring no 
meter couplings or pipe fittings. 









When you remove the meter 
you leave the customer's pipe 
physically connected and sup- 
ported, — electrically bonded. 
Here's trouble insurance in 
meter changing. 


Hundreds of water works have 
standardized on the COPPER- 
HORN. Hundreds of thousands 
are in service. Learn more about 
this modern meter mounting. 


Ask for our catalog and 
a sample COPPERHORN, 


FORO 


METER BOX 
of oF 


WABASH, IND. 
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Naturally, it is named Reilly Pro- 
tective Coatings and it tells about 
these protective coatings for metal, 
brick, cement and wood surfaces. 
The bulletin also describes Creo- 
cote Paint for creosoted wood block 
floors, poles, guard rails, and posts. 

In addition to some excellent 
photographs of water transporta- 
tion lines and water works systems, 
there is considerable information 
of interest on these materials, and 
their application. A copy of this 
booklet, Bull. No. 2-PC-45, may be 
obtained by writing to Reilly Tar 
and Chemical. Corp., Merchants 
Bank Bldg., Indianapolis 4, Ind. 


* * 





= 


“Put your storage tank, process- 
ing vessel or structural steel prob- 
lems up to the Stacey Bros. Gas 
Construction Co., Cincinnati, 0.” 
This is the theme of a comprehen- 
sive picture story of the fabrication 
and erection of gas holders, storage 
tanks, processing vessels, and other 
structures contained in General 
Bulletin G-45 of the company—one 
of the Dresser Industries. 


Available on request, the 44-page 
bulletin shows the company’s pro- 
duction and erection facilities in ac- 
tion, and illustrates in detail many 
of the products such as gas holders, 
storage tanks, and processing equip- 
ment which Stacey Bros. builds for 
the gas, petroleum, chemical and 
food industries, or water and sew- 
age plants, too, for that matter. 


- * - 


If you have never had positive 
displacement blowers’ explained, 
here is your opportunity to learn, 
for Bull. No. P100 of the Pottstown 
Blower Co. describes the principle 
of operation and design of the 
Pottstown Rotary Displacement 
Blowers. This new 16-page bulletin 
is issued by the Allen Billmyre Co. 
Also described in the bulletin are 
the units designed for services 
where volume of air must remain 
constant under variations in pres- 
sure and vacuum. Included in the 
services to which these units are 
put, besides sewage disposal plants, 
are agitation of liquids, air blast 
cleaning, pneumatic conveying, 
vacuum cleaning, gas and oil burn- 
ers. 

Of course, the bulletin is illus- 
trated with drawings and pictures, 
and contains tables of capacity and 
technical data. Bull. No. P100 may 
be obtained by writing Pottstown 
Blower Co., Division of Allen Bill- 
myre Co., 431 Fayette Ave., Mar- 
maroneck, N. Y. 














WABASH, 
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COPPERSETTE 


A complete meter mounting, 
all brass and copper, for sery. 
ice lines of moderate depth, 













































The COPPERSETTER replaces 
meter couplings, valve, risers 
and ells. It saves the making 
of joints. Installed as a unit, 
it requires no meter blank or 
measuring to leave the proper 
space for meter, 


There is nothing to rust out on 
the COPPERSETTER. It cuts 
down pressure loss, assuring 
full flow through the meter. 
Meter changes are easy and 
trouble-free as the removal of 
the meter leaves the service 
Pipe on inlet and outlet phys- 
ically connected and held in 
line, the electrical bond un- 
broken. 





COPPERSETTERS are made in 
heights from 6” to 36”, with 
and without valve, for connect- 
ing to iron or copper pipe. 
Learn more about these mod- 
ern fittings. 





Send a postal card for our 


tel g No blig 45 
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METER BOX 


oF 0 Bs 
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remember back in the last 
er there was a song entitled 
Mpverybody’s Doing It.” We don’t 

]] that it applied to post war 


We 








; then, but it certainly 
ay now. Almost daily there 
iss to our desk some news re- | 
jease, catalog, or brochure with | 
that as the theme. One of the latest | 
ig Sewage Disposal—A Post-War | 
packlog of $2,000,000,000. This par- 
ticular four page Bulletin S-5M- 
4.45, issued by the Valve Dept. of 
American Car and Foundry Co. di- 
rects attention to the use of a.c.f. 
Lubricated Plug Valves and their 
applications in sewage plants. A 
long list of installations is given 
as well as typical specifications for 
yalves to be used on sludge, fuel 
oil, gas lines, sewage, lime solu- 
tions, etc. When you write for this 
bulletin, you might also ask for 
the complete Catalog 3 CS. The ad- 
dress is Am. Car and Foundry Co. 
(Valve Dept.), 30 Church St., New 
York 8, N. Y. 








If you haven’t been reading L. P. 
Sudrabin’s articles on Cathodic Pro- 
tection in Water Works and Sewer- 
age or if you have read them and 
want a brief resumé of what cath- 


Over 
Floating Covers 
War Service 


The health of our fighting men and | 
war workers is being safeguarded by | 
modern sewage disposal plants. We) 
are doing our part by delivering on | 


225 P.F.T. | 
in| 








time P.F.T. Floating Covers and other | 
sewage treatment equipment. | 
The P.F.T. Floating Cover for single | 
and stage digestion hastens the diges- | 
tion process, and provides for utilizing | 
the sewage gas to heat water for the | 
digester tank. — 

Catalog No. 232 
contains complete 
information, in- 
cluding specifica- 
tions. Write for 
your copy. 


| 
| 


, 





PACIFIC FLUSH-TANK CO. 
4241 Ravenswood Ave., 


P. FT. New ee N. tt 


"GUNITE* CONTRACTOR 


GENERAL OFFICES —ALLENTOWN, PENNA.U.S.A. 





( EMENTGUN COMPAN | 




















RESERVOIR RE-LINED WITH “GUNITE” 


This is a filtered water reservoir at Charlottesville, Va., built many years ago 






and lined with concrete. It had disintegrated badly, and was leaking exces- 


sively in 1937. 






Our Company was engaged to reline this structure during that year. The new 
lining consisted of two inch mesh reinforced “GUNITE” on the bottom and side 
slopes, and this entirely eliminated leakage. A recent inspection indicated that 
this work is still in perfect condition. 








Many similar reservoir jobs and other “GUNITE” construction are de- ° 
scribed in our Bulletin C 2300. A copy will be sent to you upon request. 


MANUFACTURERS OF THE ‘CEMENT GUN’ 


















FLANGED PIPE 







FLEXIBLE JOINT PIPE 







BELL & SPIGOT PIPE 








SPECIAL CASTINGS 










SHORT BODY BELL & 










SPIGOT SPECIALS 

























Large stock enables 
us to make prompt 
shipments. 








84” pipe—Spring Lake, N. J. 


—CAST IRON PIPE=— 


TO 84” 
























SIZES 2” 


Warren Foundry & Pipe Corp. 


1l Broadway. New York 


Warren Pipe Company of Mass., Inc. 
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water mains. 





Write for Literature. 










TATE PIPE 


ANDOVER, 


What the TATE Process 


. Restores reduction 


1 
2 
3 
4 
View showing Tate Process 5. 
in Pipe Joint. Note thor- 
oughness of Lining. 5 


LININGS, 


Permanent . 
REDWOOD PIP 


Now is the time to investigate the Tate Cement Lining process 
—and see what it can do to restore the efficiency of your old 


. Water mains cleaned and cement- 


lined without removing pipe. 


. Eliminates discoloration and fur- 


ther cleaning costs. 


. Reduces pumping costs. 


in head and 
flow co-efficients. This means full 
fire protection and lowered insur- 
ance rates. 


All joints cement-lined .. . just 
one continuous pipe. 


. Does the job without interruption 


of service to consumer. 


Inc. 
MASS 





Saves critical materials! 
Long known as a pipe 


with greater carrying capacity than metal or concrete. 
Does not clog, scale or pit. 


nw Y'C K)0)\F)\F) 


Lower labor, installa- 
tion and maintenance costs. Long 
life, no electrolysis, contamina- 
tion of water, or destruction by 
suiphur, salt water or other min- 





Since J8$$___ 


eral impurities. New type 
Wyckoff California Redwood 
Pipe for water supply and sew- 
age lines is a proven product. 













| speed reducers, and such, you won't 


| 


A. Wyckoff & Son Company 


ELMIRA, N. Y. 
Originators of Machine Made Wood Pipe 
1855—Our 90th Anniversary—1945 
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odic protection is, then 

interested in a folder. pr 
Electro Rust Proofing Syeten 
Cathodic Protection. a 

This folder answers questions 
garding the cathodic method of 4 
tecting under-water metal surf 
against rusting. For example, these 
questions: What is it? What does j 
do? How is it applied? How does: 
operate? What is its operating pe 
What is the original cost? 

Several phases of the subject are 
presented including, among Others, 
corrosion characteristics; Method of 
corrosion control; tank Protection, 
old and new; materials, equipment 
and component parts; current Sup. 
ply; savings, installation and ingyp 
ance; and priorities, ordering ang 
delivery. 

All of this is contained in Form 
12 which may be had from the Ele. 
tro Rust-proofing Corp., Dayton 19 
Ohio. 
























* * * 







Perhaps browsing through a cata. 
log isn’t your idea of how to spend 
a rainy Sunday afternoon, but i 
you have any interest in pumps ané 








be wasting your time while looking 
over the Products of De Laval. This 









eet 
are he 
The WATER SUPPLY that 
pleases nose and palate is an 
important contribution to com- 
munity kealth — people drink 
more of it. 


ESOTOO* is the answer to 4 
simple, sure, and more econom 
ical method of controlling tes 
idual chlorine — especially in 
“break-point” chlorination. 
ESOTOO* is the Ideal De 
Chlorinator. 


*ESOTO0 is"*Virginia’s” 
Trade Name for Liquid 
Sulfur Dioxide. 
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HELLIGE 


TURBIDIMETER 


For water analysis, sulfate 
determinations and measure- 
ments of suspended matter 
in various colorless and col- 


ored liquids. 


Recent improvements have 
greatly increased the conve- 
nience of this instrument for 
measuring turbidities with- 
out the preparation and use 
of standard suspensions. An 
accurate test can be made in 
one minute. Turbidity meas- 
urements down to zero can 


be made. 


Write for Bulletin 602 


HELLIGE 


INCORPORATED 


3718 NORTHERN BOULEVARD 
LONG ISLAND CITY I, N. Y. 























line of Steam Turbines, Helical 


'Gears, Centrifugal Pumps, Centrif- 
/ugal 
|Speed Reducers and IMO Oil Pumps. 


Compressor, Worm Gear 

Maybe you don’t need an oil pump 
and maybe you aren’t interested in 
the development of high pressure 
marine propulsion units, but you 
should be interested in the develop- 
ment of the centrifugal pumps for 
water works service. Copies of Cata- 
log 1181 may be had simply by ask- 
ing for them. Whom does one ask? 
The De Laval Steam Turbine Co., 


Trenton 2, N. J. 
* * * 


If you need any water hose you 
should write to B. F. Goodrich Co., 
Akron, Ohio for Cat. Sections 4600 
and 4800, containing data on sizes, 
number of plies, weight per hundred 
feet, outside diameters and working 
pressures of water hose. 


After reading in the March issue 
of the Southwest Water Works 
Journal that the 27th Texas Water 
Works and Sewerage Short School 
attracted 365 students, we are sorry 
that we were unable to accept an 
invitation to attend. The story of 
the meeting was written by Mrs. 


‘Dob White : 


ELECTRONIC 
BOX LOCATOR 








@ Will locate curb and street 
boxes as fast as you can walk. 


@ Locates de-magnetized boxes 
where dipping needle fails. 


@ Finds boxes in the dark with- 
out a flashlight. 


(Also Pipe Locators and Leak Detectors) 


S. F. FERGUSON 


11 HILL STREET, NEWARK 2, N. J. 








EDDY VALVES 
For 
Water Works 
and 


Sewage Disposal 
Plants 


EDDY FIRE 
HYDRANTS 


For Fire 
Protection 
Service 


Write for 
Complete 
Catalog 
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THE NEW 


ENSLOW STABILITY 
INDICATOR 


Completely redesigned to embody 
improvements suggested and developed 
by practical water works men under 
actual plant operating conditions. 


Conceived by L. H. Enslow, this ap- 
paratus provides a continuous index of 
corrosivity or stability of water, with 
nothing more involved than alkalinity 
filtrations and no complicated calcula- 
tions. 


In operators’ opinions “an invaluable 
aid" in the control of stabilization and 


anti-corrosion treatment. 


Write for descriptive literature. 


PHIPPS & BIRD, INC. 


POST OFFICE BOX 586 
RICHMOND 5, VA. 





“SOUTHERN CENTER FOR LABORATORY APPARATUS AND CHEMICALS" 











For " | 
DAMS, TUNNELS, SEWERS 


Specify 


7 PRECISION 
of’ CONCRETE 
CONTROL 


Fast, accurate batching of concrete which controls all of the variables to close toler- 
ances. It includes: 

Moisture Determination, Test made in one minute. A test for every batch when necessary. 
Moisture Compensation, for moisture content of aggregates. Compensation is instantaneous 


and automatic. No calculations, tables or charts necéssary. 

Graphic Record, showing the delivered weight of each ingredient in every batch. Reveals 
all weighing errors. and insures delivery of specified quantities. Valuable aid to 
inspectors. Reduces inspection cost. 


TT Me 











Let us show you what [SC]* CONTROL has done for small and large projects and ready- 
mix plants. Write today for full information. 


SCIENTIFIC CONCRETE SERVICE CORPORATION 
724 Salem Avenue, Elizabeth 3, N. J. 
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Earl H. Goodwin, Asst. § 
urer of the Short School, Treas 
This Southwest Journal] put 
by the Gresham boys, Bob, Edit 
and Hill, Bus. Mgr., can be counte, 
on to contain a good article 
addition to news and reports, This 
issue had an article on Lime-Zeolit, 
Treatment and Stabilization with 
Polyphosphate by L. ¢. Billin 
Supt. of Water and Sewage Tree 
ment, Dallas. The Journal also egy, 
tains the news that George J. Rohap 
has resigned as Secy.-Treas, of the 
Southwest Sect., AWWA, becaug 
he was leaving the position of Supt 
of the Waco City Water Works t 
enter private business and didn’ 
have the necessary time to give ty 
the office. 


Almost on the heels of Albert Koz. 
ma’s recent article in Water Works 
and Sewerage, on cathodic pr. 
tection in a sewage plant, came By). 
letin No. R-181, Rusta Restor Rust 
Preventative, describing the type of 
equipment and process that Mr 
Kozma used. 

This bulletin which discusses and 
illustrates the cathodic (i.e. electri. 
cal) method of preventing rusting 
may be had by writing The Johnson 





Triple-Acting 


Non-Return 
Valve 





This valve will automatically cut In a 
boiler whenever its pressure equals line- 
header pressure; it will isolate a boiler 
automatically whenever its pressure, from 
any cause, is lower than |ine-header pres- 
sure; and it will prevent steam flow from 
the boiler in event of sudden drop of 
line-header pressure below the boiler pres- 
sure, by means of differential shot pilot 
valve functioning. 


Write for specifications. 


Furnished In 
angle, globe 
and elbow 
patterns, sizes 
2'/"" to 12"; 
also available 
in larger sizes, 
as well as in 
the Cross pat- 
tern. 











GOLDEN-ANDERSON 
VALVE SPECIALTY CO 


Pitt} b 
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‘nos Co., 864 Addison 
Getalead 14, Ohio. In addi- 
e explanation of the proc- 
No. R-181 contains a ta- 
arative costs. 


d 
Road, Cle 


tion to th 
oss, Bull. 
ble of comp 


In the April issue of Water, pub- 
jished | by the American Water 
Works and Electric Co., Inc., New 
york, N. Y., is a story about the ap- 

intment of Guy Waldrop as Chief 
yechanical Engineer of the Water 
Works Service Co. Mr. Waldrop has 
been with the company since 1922 
in various capacities. As Chief Me- 
chanical Engr. we imagine that Mr. 
Waldrop was as interested as we 
were in the cartoon on the back page 
of that April issue. That cartoon de- 
picted quite cleverly that “careless- 
ness doesn’t pay” and that “things 
should be done the safe way to en- 
joy life.” “The worst start towards 
a safety record in water works his- 
tory” is reflected in the figures for 
the first two months of the year; 
9 deaths, 51 injuries, 22 lost time 
injuries, 12,438 lost time days. Fin- 
gers and toes lead with eye and back 
injuries tied for third. 


SPARLING 


Water Measuring Equipment 








Consistent Accuracy 
Ease of Installation 
and Maintenance 
Low Pressure Loss 


"**SPARLIN 


fox 3277 Terminal Annex.. 


LOS ANGELES 


3104 Michigan Avenue ..... ; CHICAGO 
622 Broadway ............ CINCINNATI 
101 Park Avenue... NEW YORK 
6 Beacon Street BOSTON 





COPPERAS 


(Ferrous Sulphate) 


LIQUID CHLORINE 


100 Ib. and 150 lb. cylinders 
New York Metropolitan Area 
deliveries. 


EM. Sergeant Pulp and 
Chemical Co., Inc. 


7 Dey Street, 
New York 7 
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LOCATION OF DEAD ENDS 





TONE REDUCTION 











Va : 
PIPE END 

















Peo’ noe H 
P’GROUND cos 


M-SCOPE 


Buried Pipe Finder 
and Leak Detector 





FREE 16 PAGE 

















BOOKLET 
UPON REQUEST 


The M-SCOPE consists of a specially de- 
signed radio Transmitter and Receiver, 
with conductive wire. In operation, the 
Transmitter sends out a continuous signal, 
and when there is no metal between 
Transmitter and Receiver, a definite vol- 
ume of sound is heard in the Receiver 
earphones and the meter (mounted on 
Receiver) gives a definite reading. If a 








portant groups as: 
® Government Projects 
@ Municipalities 
@ Sewerage and Water Plants 
@ Consulting Engineers 


Direct Teletype 





me.al object lies beiween the two units, sound in earphones is louder and meter reading 
higher—and the pipe or other metal object is located. 
The M-SCOPE is solving — successfully — the varied problems involved 
in the development, operation and maintenance of buried pipe and cable 
systems and is in daily use by representative organizations in such im- 


Write for further particulars and booklet: 


FISHER RESEARCH LABORATORY 


e Airports 

e Public Utilities 

@ Industrial Plants 

e lil and Pipeline Companies 





PALO ALTO, CALIFORNIA 








'BESTOLIFE 


LEAD SEAL 
JOINT SEALING 
AND ANTI-SEIZE 
PIPE JOINT COMPOUNDS 





*"BESTOLIFE Compounds have 
been used successfully for years 
in Water Works and Sewerage 
plants. 

They obtain their effective anti- 
corrosion sealing characteristics 
from the metallic lead base of 
the compounds. 

Use "BESTOLIFE Compounds 
on water, oil, gas and gasoline 
lines; all threaded connections 
in valves, hydrants, pumps, en- 
gines, air compressors, etc., and 
»on all studs and bolts. Also rec- 
ommended for meter repairing. 





Munufactured Exclusively By 


l. H. GRANCELL 


AND EAST NADEAU ST. 


MIRAMONTE 
LOS ANGELES 1, CALIFORNIA 


EXPORT: THE NATIONAL SUPPLY 
CORP. 

















GATES and HOISTS 


Metal or timber sluice gates of 
all sizes and designs, approved 
by engineers everywhere. Im- 
pose gate stands and hoists for 
and or motor operation. Also 
flap and mud valves, shear and 
filler gates, trash racks and rakes. 
Dependable canal equipment 
from dam to tail-race since 1840. 


Write for Special Catalog Today! 


<i> 


RODNEY HUNT MACHINE CO. 


118 Lake St., Orange, Mass., U. S$. A. 
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ALBRIGHT & FRIEL., INC. 


Consulting Engineers 


Water, Sewage and Industrial Waste Prob- 
lems — Airfields, Refuse Incinerators, 
Power Plants — Industrial Buildin 

City Planning - Reports - Valuations 


Laboratory 
1520 Locust Street, Philadelphia 2 











Alvord, Burdick & Howson 


Engineers 


Charles B. Burdick 
Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, Flood Re- 
lief, Sewerage, Sewage Dis — Drainage, 
Appraisals, Power ration 


Civic Opera Building Chicago 











Michael Baker, Jr. 


The Baker Engineers 
CIVIL ENGINEERS AND PLANNERS 
MUNICIPAL ENGINEERS 
a ~ Design—Sewage Disposal Systems 
ater Works Design and Operation 
Consulting Services Surveys and Maps 


HOME OFFICE—ROCHESTER. PA. 








Black & Veatch 


Consulting Engineers 
4706 Broadway. Kansas City. Mo. 
Sewerage, Sewage iepoedl, Water Supply, 
Water rification, Electric hting, 
Plants, Valuations, Special . eo 
g 8 Bact and ae Service 


Veatch, Jr. 
ra Learned H. F. Lutz 
A Me Veatch R. E. Lawrence 
E. L. Filby J. F. Brown 


CONSULTING ENGINEER 


WATER SUPPLY AND PURIFICATION 
SEWERAGE AND SEWAGE DISPOSAL 


Timber, Steel and Reinforced 
Concrete Structures 
624 Madison Avenue 
New York City 22 






































Clinton L. Bogert 











Buck, Seifert and Jost 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water Supply, Sewage Disposal, Hydraulic 
Developments, Reports, Investigations, Valv- 
ations, Rates, Design Construction Opera- 


tion, Management, emical and Biological 
boratories 


112 East 19th St. New York 





Burns & McDonnell 


Engineering Co. 
McDONNELL-SMITH-BALDWIN- 
TIMANUS-McDONNELL 
Meng Engineers Since 1897 


Leteamety ~~ ht and Power, Sewerage, 
oy signs, Appraisals, 
Rate Investigations 


Kansas City, Mo., 107 West Linwood Blvd. 
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THOMAS R. CAMP Gannett, Fleming, | 
Consulting Engineer & Carpenter, Inc, 
6 Beacon Street, Boston 8, Mass. Engineers 
Water Works and Water Treatment; Sewer- Harrisburg, Penna. Water, 
age and Sewage Treatment; Municipal and and 
Industrial = Wastes: Investigations gnd Re- Preparation of 
3 u sion; Research 
Gnd Development; Flood Contre. POST WAR REPORTS and PLANS 1912 
—_ _ 
‘ a 
The Chester Engineers e -. mM. Glace \ 
“_ ‘ onsulting Sanitary Engineer 
WATER SUPPLY AND PURIFICATION 
wee Ss Purification, Sewerage 
sewage, Sea pari op SEWERAGE AND SEWAGE TREATMENT inn t 
ment Valuations and Rates. ae — — Qvtlity “> 
210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. a te St, 10 
— 
Collins Engineering Company Greeley and Hansen 
—Consulting Engineers— Engineers 
Water Supply, Purification, Sewerage, Sew- copes A. ew Reancts Vo Water, 
age Treatment, Refuse Disposal, Industrial Thomas te hile Samuel M. Clarke 
Wastes, Street Paving, Storm Drainage Water Supply, Water Airfi 
326 Arnote Building 314 Gilbert Building Potato - cee aaa 1 — 
McAlester, Oklahoma Ardmore, Oklahoma amare — 
3 r 6 N. Michigan Ave., Chicago 
an 
DE LEUW, CATHER & COMPANY. 
Amp Z Havens and Emerson MU 
Railroads Highways ante "F.C. Toles” FW 
Grade Separations—Bridgeo—Gubways Burger > + W. Jones Cc 
Transportation Consulting Engineers 
Water, Sewage, Garbage, Industrial Racteri 
I ati — Reports — Appraisals 
ogo a. a °. “ Wastes, Valuations — Laboratories eral. 
Leader Building bat memes Bidg. Secon 
20 North Wacker Drive Chicago Cleveland 14 New York 7 Caper 
FAY, SPOFFORD & THORNDIKE 
~n t Hayden, Harding & Nus 
Charles M. Spofford Buchanan Newel 
John Ayer Carroll A. Farwell ° ° : 
Bion A. Bowman Ralph W. Horne Consulting Engineers 
Water Supply and Distribution — Drainage John L. Hayden Gordon E. MacNeill ‘ 
Sewerage and Sewage Treatment—Airports John H. Harding Oscar J. Campia 
Investigations and Reports Waterworks, Sewerage, Civil, 
Desi Valuati 
“Bepcevisten of Custeetiien ue Mechanical, Electrical. Structural 
Boston Hew York 662 Park Square Building. Boston, Mass. 327 -F 
— 
8. F. Peequscn Charles Haydock Pars 
eet Consulting Engineer 
Water Leak Surv eys Water Works and Sanitation, Industrial = — 
: : : Wastes, Design, Construction, Operation and Br 
Distribution Maps Management. Reports and Valuations. 
11 Hill Street, Newark 2, N. J. COMMERCIAL TRUST BUILDING pm 
PHILADELPHIA 2 
Edward A. Fulton . JONES & HENRY 
Consulting Engineer Formerly H. P. JONES & CO. 
Investigations, Reports, Valuations, Design Harvey P. Jones Thomas B. Henry 
-~— yyy Su ay = Purifi- Consulting Engineers a We 
on Plants, Sew an we Treat- 
ment Works; Municipal Paving and Power an mM ea - 
Developments. Water Purification Industrial Was a 
3 So. Meramac Ave. Sewage Troctnent an nny 
St. Louis, Mo. 606 Toledo Trust Bldg. Toledo 4, Ohio : 








IL_* 








IL 
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Morris Knowles, Inc. 
Engineers 
d Purification, Sewerage 
y t SUPP!’ pisposal, Valuations, Labora- 
tory, City Planning 


1912 Park Building, Pittsburgh. Pa. 


The Pitometer Company 
Engineers 


Water Waste Surveys, Trunk Main 
Surveys, Water Distribution Studies 


Penstock Gaugings 
New York, 40 Church St. 





STANLEY ENGINEERING 
COMPANY Consulting Engineers 


Water Works — Sewerage 
Electric Power — Flood Control 
Rate Studies—Valuations—Industrial 
Airports Municipal Buildings 


Central State Bank Bldg., Muscatine, Ica. 











Ts Wm. S. Lozier, Inc. 


Consulting Engineers 


Wm. S. Losier - C. E. Elmdorf - A. B. Squire 
Sewerage, Sewage Disposal, Water Supply, 
Water Purification, Refuse Disposal 


10 Gibbs Street. Rochester, N. Y. 


ROBERT T. REGESTER 
Consulting Engineer 
et Treatment 
Water Works—lIndustrial Wastes 
Flood Control—Fire Protection 
Advisory Service, Reports and Designs 


Baltimore Life Building 
Baltimore, Md. 











Metcalf & Eddy 


Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Waste Problems 


Thomas M. Riddick 


Consulting Engineer and Chemist 


| a and a Water oe. 
wage Treatment, Operating Supervision 
of Plants, Sanitary Surveys, nay Pollu- 








25 years experience 


Consulting—Analytical—Chemist— 
Bactericlogist.. ‘Municipal and 
Industrial Water Supplies 





Airtields Valuations tion Investigation, S Pool Control, 
Laboratory — 

Statler Building. Boston 369 East 149th Street, New York City 
MURRAY LABORATORY ROBERT AND COMPANY 


Incorporated 
Architects and Engineers 








Newell L. Nussbaumer Irving Clarke 


Water Supply and Treatment 
Sewerage & Sewage Disposal 
Garbage Incineration 
Town Planning 


927 Franklin St. Buffalo, N. Y. 


Bacteriological — Chemical — Sanitary — Min- ATLANTA, GEORGIA 

eral Analyses. Reports and Treatment 

Recommendations. Water Supply Incinerators 
Capers Bldg.—Greenville, South Carolina Sewage Disposal Power Plants 
Nussbaumer and Clarke Russell & Axon 


Geo. S. Russell—John C. Pritchard 
Joe Williamson, Jr. — F. E. Wenger 


Consulting Engineers, Inc. 


Sewerage, Sewage Disposal, Water 
Works, Filtration, Softening 
Power Plants 


6635 Delmar Blvd University City 5, Mo. 





Parsons, Brinckerhoff, Hogan & Macdonald 


Formerly: Parsons, Kliapp, Brinckerheff & Douglas 


Engineers 
Traffle Reports Valuations Harber Works 
Power Developments Industrial Buildings 
Bridges Tunnels Subways Foundations 


Dams Water Works Sewerage 


142 Maiden Lane, New York 7 

Calle Sur 17 No. 27, Caracas, Venezuela 

Avenida Presidente Wilson ~164, 
Rio de Janeiro, Brazil 





Greenville 


J. E. Sirrine & Company 
Engineers 
Water Supply & Purification 
Sewage & Industrial Waste Disposal 


Stream Pollution Reports 
Utilities, Analyses 


South Carolina 





Malcolm Pirnie 
Engineers 

Water Supply, Treatment, Sewerage 

Reports, Plans, Estimates 


Supervision and Operation 
Valuation and Rates 


25 W. 43rd St.. New York, N. Y. 














Benjamin L. Smith & Associates 


Engineers 
(Formerly Whitman and Smith) 
Investigations — Reports 


Designs — Supervision — Valuations 
Municipal Engineering and Public Utilities 


11 North Pearl Street 
Albany 7, New York 








CONSULTING ENGINEERS 
Directory Service 
Place your professional card in this 
Directory of Consulting Engineers 
where it will be seen when the read- 


ers are seeking your services. Rates 
nominal. Write— 


Water Works & Sewerage 
330 S. Wells St., Chicago 6, Ml. 








Westcott & Mapes, Inc. 
Architects and Engineers 


Sewage Disposal 
Garbage and Refuse Incineration 
Public Utilities 

Plans Specifications 


Reports 
NEW HAVEN 








Weston & Sampson 


Water Supply, Water Purification, Sewer. 

age, Sewage and Industrial Waste Treat- 

ment, Corrosion Control, Laboratory Service, 
Supervision, Valuations 


14 Beacon St. Boston, Mass. 








Whitman & Howard 


Engineers (Est. 1869—Inc. 1924) 
Channing Howard Paul F. Howard 
Walter A. Janvrin er Pearson 

Water Supply, Water Purification, Sewer- 
age, Sewage Disposal, Water Front Im- 
provements and Municipal and Indus- 
trial Development Problems, Investigations, 
Reports, Designs, Supervision, Yaluations. 


89 Broad St., Boston, Mass. 








BUY MORE WAR 
BONDS 
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WATER SYSTEMS 


For Gities, Towns and Industries 


Practically all of Layne's emergency War 
Plant Water System construction has been 
finished. Essential Civilian Industries, Cities, 
Towns and Villages are next in line. The 
entire Layne organization is now devoting 
almost full time to peace-time Water Sys- 
tem installation. This means that Industrial, 
and City Officials — Engineers and Plant 
Superintendents, can now proceed with their 
Well Water Sytems development plans 

The natural choice of Well Water Systems 
and Pumps will be those built by Layne. No 
other make can possibly provide so many 
outstanding and thoroughly proven features 
of sturdy construction, long lasting quality 
or unmatchable efficiency. 

Layne builds Well Water Systems of all 
sizes to fulfill the needs of the largest. in- 
dustries and cities down to those of tho 
progressive little village. Based on low oper- 
ating cost, and long life, Layne Well Water 
Systems are the finest investment an In- 
dustry, City, Town .or Village can make. 

For late catalogs or the services of a 
Layne Engineer, address Layne & Bowler, 
Inc., General Offices, Memphis 8, Tenn. 


LAYNE PUMPS —/uisit 
every need for producing large 
quantities of water at low cost 
from wells, streams, mines or 
reservoirs. Send for literature. 


AFFILIATED A a yee Layne-Arkan ~ Co. 
Stuttgart . Layne Atlantic Co. orfolk. 
* 


Vi I of pera: Memphis, Te mn. * 
Layne-N« othe it Cc . Mis shawaka, Ind. * Layne- 
Louisiens Co Lake Charles, La * Louis orana 
Well Co Monroe La * Layne Ne a ork 
New Yous ity * Layne-Northwest Co. Mii: 
w ume Wis. * Layne-  pemed Co., Columbus, Ohio 
e-Tex Houston ‘Texa s * Layne- 
we Re rn Ce ‘Ka ansas ¢ ity Mo. * Layne-Western 
Co of Minnesota Minne apolis Minn: * Inte ormna- 
tional Ws ate rT ming “14 Lt my , London, Ontario, 
Canada ayne-Hispance Americana, S. A., 
Mexic 1 i 





WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 
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American Gas Boiters 


STEAM AND WATER TYPES 


FoR DIGESTER HEATING 

SEE DATA PAGE IN ANNUAL REFERENCE SECTION 
American & Standard 
Rap1rator ™ Sanitary 


NewYork CORPORATION Pilishurgh 


SALES OFFICES IN ALL PRINCIPAL CiTigg 
ceeeainateere tal —__$_$___._ 

















Combined 


SEWER AND PIPE FINDER 


WITH AMPLIFYING RECEIVING COIL 


(The U. S. Government uses them) =A card brings particulars 


FRANK N. BLAKE NORTH ADAMS, MASS, 

























Inertol coatings often protect con- 
crete and steel structures for 
years without repainting. Result 
of 40 years’ research, each was 
developed to provide specific pro- 
tection against salt or fresh water, 
chemicals, weather or soil. All are 
in wide use today in water works 
and sewage plants, on reservoirs, 
and tanks, structural steel, pip 
ing, machinery, building interiors 
and exteriors and other exposed 


surfaces. 


INERTOL COMPANY, Inc. 


INERTOL 
PROTECTIVE 
COATINGS 


Let us send you 
FOLDER NO. 590 
(Water Works) 
FOLDER NO. 588 
(Sewage Plants) 





64 SOUTH PARK, SAN FRANCISCO, CALIF. 


470 FREYLINGHUYSEN AVE., NEWARK 5, N. J. 











Leopold 


GLAZED FIRE CLAY TILE FILTER BOTTOM 
Non-Corrosive— Permanent 
DRY CHEMICAL FEEDERS 


Accurate— Dependable 
also 


COMPLETE WATER TREATMENT EQUIPMENT 


F. B. LEOPOLD CO., INC. 
422 FIRST AVE. PITTSBURGH 19, PA. 
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FVERSON MANUFACTURING COMPANY 


CHICAGO, ILLINOIS, U.S.A. 





314 WEST HURON STREET 





ICTORY 
ACUUM 










SVATTR PORIFICATION EQu PMENT) 
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TWENTY-FOUR HOURS 
A WATER SUPPLY INLET 
K—GAS SUPPLY INLET 
1@--SOLUTION OUTLET 
. €8—VENT TO OUTSIDE 





‘Em auroman 
SCLUON 












R PuMeP 
USED WHERE HIGH BACA PRESSURE 
1S ENCOUNTERED OR WHERE 
























_ 
5S, R-512X1 R514 R515XX 


Showing weighing scale for chlorine gas Semi-automatic operation (with control panel) Showing booster pump 





INSTALLATIONS—tThere is an accurate, safe and efficient EVERSON installation 
for every problem of water purification, whether for water supply system, swimming 
t con- pool or sewage treatment. Hundreds of installations and 35 years of experience 
for in every state and in foreign countries, have proven the safety and dependability 
esult built into this carefully designed equipment. 
was ° 
pro- The STERELATOR is the basic unit for chlorine treatment. It is adaptable to a 
ater, ’ variety of controls to function in various ways: 
l are P 
orks 
ors, VARIOUS CONTROLS 
pi , Tne ‘ 
‘on A MANUALLY CONTROLLED—The manually controlled, solution feed, vacuum 
sed \ type SterElator is the basic unit and is used where constant feed at a fixed rate is 
satisfactory. The rate of feed can be adjusted through a range of 10 to 1, 40 to 1 
or 110 to 1, by the use of the chlorine control valve with the selected model to cover 


the capacity range desired. (For complete specifications send for Bulletin No. 2112.) 


B SEMI-AUTOMATIC—By the addition of a solenoid operated water valve, the unit 
now becomes semi-automatic in its functions, starting and stopping with the pump 
whose pumpage is being chlorinated, always feeding chlorine gas at its set rate while 
operating. (For complete specifications send for Bulletin No. 2113.) 


— 


© CYCLE CONTROL—By using electronic timing devices, the basic unit may be 


adapted to intermittent operation for definite and adjustable cycles. 


BD HYDRO-MATIC—By adding a venturi tube or orifice plate to convert the rate of 
flow into differential pressure, and with an EVERSON Hydro-Matic proportioner, the 
basic unit will then automatically proportion the flow of gas to the flow of water being 
treated within a range of 5 to 1. (For complete specifications send for Bulletin No. 


2114.) 


E ELECTRO-MATIC—By adding a venturi tube or orifice plate to convert the rate 
of water flow into a differential pressure to a Republic mercury well meter body which 
transmits the differential head measurements into a varying electrical resistance to a 
ROBOT cohtaining electric controls, the basic unit will then automatically proportion 
the gas flow in direct proportion to the water flow within a range of 10 to 1. (For 
complete specifications send for Bulletin No. 2115.) 


F TOTALIZING AND RECORDING METERS—If desired Totalizing and/or 
Graphic recording meters can be placed in this same meter circuit and graphically 
record and/or integrate the water flow. 


area yo 








* 

















' : G AIR-O-MATIC—By adding a venturi tube or orifice plate and a Republic pneumatic 
| R-486 differential air transmitter, the SterElator unit will automatically proportion the gas 
flow in direct proportion to the water flow within a range of 10 to 1. 





SterElator without panel mountings 


WaTER WorKS & SEWERAGE, JUNE, 1945 





















































120 


The EVERSON ROTA-METER indicates visibly the flow 
of chlorine gas, and with the highest accuracy. It also 
allows a much wider range in volume with one machine 
than any other type of chlorine meter. EVERSON has de- 
veloped three types of application of the ROTA-METER: 
The Standard, the Relay and the Duplex, which make 
the SterElator flexible enough to meet any condition. The 
ratio between maximum and minimum metering capac:ty 
of each of the three types is: 





STANDARD ROTA-METER 10 to 1 
RELAY ROTA-METER 40 tol 
DUPLEX ROTA-METER 100 to 1 


Ster slatorS 


Ww 


} Pe 
JAA, 40V 044 








AUTOMATIC SAFETY DEVICES 


All EVERSON equipment is designed with automatic safety devices for every emergency. Be- 
sides the gas PRESSURE REGULATOR and SHUT-OFF VALVE, a vent to the outside is 
provided as an additional feature to allow any free gas within the absorption tower to escape. 
The Vacuum type valve or the hydraulically-operated valve (equipped with GRAVI-VAC 
attachment), shut off chlorine gas in cases of water failure, breakage of glassware, stoppage 
of the line, or any other circumstance which causes the vacuum to fail. Either of these 
devices insures that leakage will be air-in and not chlorine-out. 


| 











MEWATER 
[CHLORINE Water Solution 
BRVACUUM Chlorine Ges 


CIAIR 
FLOW DIAGRAM 


CONTACT YOUR LOCAL EVERSON REPRESENTATIVE 
LISTED BELOW: 


Woolworth Building....... New York, N. .Y 
7705 14th St., N. W Washington, D. C. 
Bessemer Building Pittsburgh, Pa. 
387 East Broad Street....... Columbus, Ohio 
2051 W. Lafayette Detroit, Mich. 
2746 Elmwood Dr. S. E., Grand Rapids, Mich. 
865 Fairmount Avenue.......St. Paul, Minn. 


100 W. Broadway Britton, Okla. 


fs 


927 Martin Bldg Birmingham, Ala.” 
1327 Wood Street Dallas, Texas 


2900 Washington Houston, Texas} 
818 Graham Bldg Jacksonville, Fla: 
BOP WO Deiieskcckccscccnt Moline, Ik 
16th at Blake Denver, Colo. 


1930 W. Olympic Blvd.....Los Angeles, Caly 


OR WRITE DIRECT TO 


EVERSON MFG. 


R-544-K 214-16 W. HURON STREET 
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COMPANY 
CHICAGO, ILL., U.S.A. 
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Branch Offices: 


35 E. WACKER DRIVE 
CHICAGO 1, ILL. 
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AQUA NUCHAR ACTIVATED CARBON 
FOR WATER TREATMENT 


Since the first successful application of activated car- 
bon in powdered form 15 years ago, the acceptance by 
water plant operators of this method of combating tastes 
ind odors has been so general that at present over 1,200 


plants have ued AQUA NUCHAR. 


wate! 
\OUA NUCHAR is a fine black powder having. tre- 
internal and external surface, for the ad- 

of taste and odor bodies from water. It has 
inch 


20,000 


been scientifically estimated that one cubic 


external and internal surface of 


\\ hen 


water containing impurities, these impurities are at- 


offers a total 


square yards. activated carbon is placed in 


‘1 to the surface of the carbon, much the same as a 
attracts iron filings. All of these impurities are 
the carbon, and subsequently are eliminated 
carbon is removed on the filter sand or by 
The action of activated carbon is therefore a 
her than a chemical one, and an overdose can 

ill effects, such as may be encountered with the 


} 


vater works chemicals. 


‘A NUCHAR has successfully controlled tastes 


some of which have been characterized as: 


Fishy 
Marshy 
Swampy 
Muddy 


Chlorine 


earthy 
Woody 


Vegetable 


which may originate from decaying vegetation; Algae, 


such as synura, synedra, asterionella, uroglena, etc; 
and Industrial trade wastes, such as phenols, solvent, 


volatile oils, etc. 


AQUA NUCHAR is effective as a dechlorinating 
medium and is thus utilized where prochlorination or 


superchlorination is practiced. 


Realizing that taste and odor troubles come suddenly 
in water plants, we have spotted stocks of AQUA 
NUCHAR at strategic points throughout the country in 


storage warehouses. You can feel assured that your 


order will receive immediate attention and you will be 
very agreeably surprised at the prompt service we can 


give you. Experts — from our Technical Service 


Department are available to study your taste and odor 


problems, no cost nor obligation. 


The sterilization of water supplies by treatment 


with chlorine has been almost universally adopted 


as a means of rendering water safe for human con- 


sumption. With the development of the use of 


activated carbon in water works practice it is now 


possible to deliver a palatable as well as safe water to 
THE COST OF TREATMENT IS 
MINOR WHEN IT IS CONSIDERED THAT 
WITH THE AVERAGE DOSAGES BEING AP- 
PLIED THE EXPENSE WORKS OUT TO ONLY 
THREE CENTS PER CAPITA PER YEAR. 


the consumers. 



































ext to knowing - - 
-- is knowing where to find knowledge” 


Doreword 


We take especial pride, as publishers, in presenting this volume — 
se The 1945 Reference and Data Number of se 
WaTER WorKS AND SEWERAGE 
This section prepared by the Editor and Dr. George E. Symons, Associate 
Editor, with the aid of John C. Black, Managing Editor, presents the 


equivalent of a data handbook for designing engineers, managers, and oper- 
ators of water works and sewerage systems. 


The information contained herein has been carefully selected from past 
issues of WATER WorKS AND SEWERAGE and other sources named in the 
text. In addition, considerable effort has been made to present the most 
economical and modern methods, and the latest tables and charts useful to 


water and sewage works operators and designers. 


Even though supplied to subscribers at no charge beyond the regular sub- 


scription fee, the same conscientious work has been put into the preparation of 
this Data Section as would be expected in a book devoted exclusively to the 


same type of material and published separately. 


* 


* 


Note 


Governmental restrictions on the use of 
paper makes it imposible to include as 
much material as we should like in this 
issue. In the past we have repeated use- 
ful basic data, tables, graphs, etc. — 
from year to year, chiefly for the bene- 
fit of new subscribers; certain other mat- 
ter was repeated in alternate years; and 
new material was, of course, added. 
Thus the subscriber who kept two con- 
secutive Reference and Data issues on 
file had all of the most important reference 
material published by Water Works and 
Sewerage. | 


None of the material contained in the 
1944 issue is repeated in this issue. In- 
stead, the new material is being augment- 
ed with certain basic material selected 
from the 1943 and earlier issues, with 
the intent of best serving all of our readers 
—especially the newer readers. 

Nevertheless, in order to have a com- 
plete Reference and Data file it will be 
necessary for the readers to have available 
not only the current issue but also issues 
of the two years preceeding this issue. 
Therefore for the convenience of the user 
a consolidated four year index is being 


incorporated in this isue. 





Ty 
Editor. 
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ABRASIVES Permutit Co., 330 W. 42nd St., Fairbanks, Morse & Co., 600 8. Northrop & Co., Inc., 50 Chur =. 
Carborundum Co., Niagara Falls, | New York 18, “N, z. Michigan Ave., Chicago 5, Ill. St., New York 7, N. Y, Innis- St 
iy / ie Vogt Mfg. Co., Louisville, Ky. Westinghouse Electric & Mfg. Co., | aRRESTERS, FLAME St.. | 
- / : : Yeomans Brothers Co., 1433 N P. O. Box 868, Pittsburgh 30, Pa. Pacific Flush Tank Co 424 Lather 
ACID, SULPHURIC AND Dayton St., Chicago 22, Ill. Yeomans Brothers Co., 14383 N., “ Ree, 1 
HYDROCHLORIC Day St.. Chie 22, Wl Ravenswood Ave., Chicago 18, [i], N.W. 
Dow Chemical C Midland. Mict AGITATORS ayton St., Chicago <, : Vapor Recovery Systems, 2820 y. Mathies 
ells ye co ay ~ yy Allen-Billmyre Corp., 449 Fayette ALTERNATORS, MECHANICAL Alameda St., Compton, Calif. St., | 
St.. New York 6, N. Y. Ave., Mamaroneck, N. Y. Chicago Pump Co., 2336 Wolfram | ASBESTOS-CEMENT PIPE Niagara 
Heaher Blectrechemical Ce... Baifalo [a Well Works; Aurora, St., Chicago 18, ‘Il. Johns-Manville Co., 22 E. 40th St, a 
" j . . New York City. ; 
s. oS. om Ralph B. Carter Co., 58 Park Pl, | ALUM, AMMONIA poe. pt dees masala Bidg. 
M ais, XN. : ‘ . New York City. General Chemical Co., 40 Rector . 5 ll Oo — NG Pittsbu’ 
,  ~e Chemical Co., St. Louis, Chain Belt Co., Milwaukee, Wis. St.. New York 6, N. Y. MACHINERY bia 
Mo ~ t ‘he al © M ’ Chicago Pump Co., 2336 Wolfram Innis-Speiden & Co., 117 Liberty Chain Belt Co., od W. Bruce &t., Bldg. 
° ston, Mass. ) 57 xing Ave., New aU AC - : 

Niagara Alkali Co., 60 E. 42nd St., Dorr Co., 570 Laniagten Ave., ses Al U M, BLACK 1 1 “es —-= hey & Pulverizer (o., bay 
M Cece nage Pa York City. Activated Alum Corp., Curtis Bay, 4 ‘ E 
aa” ie wm wi The Eimco Corp., P. 0. Box 300, Baltimore, Md. — - ae ae Co. 
enn. 5a Mig. 40., idener Salt Lake City, Utah. Stuart Brumley Corp., 516 N. =. ‘ i, 3 
Bldg., Philadelphia ‘7, Pa. General American Process Equip Charles St., Bakimore 1, Md. Jeffrey Mfg. Co., Columbus, Ohio. BLOWE 
: ’ ; ' ment, 420 Lexington Ave., New Link-Belt Co., 300 W. Pershing Rot . 
ACTIVATED AND BLACK ALUM York 17. N. Y. : ALUM FILTER COMMERCIAL Rd., Ohicago 9, Ill. Neel 
Activated Alum Corp., Curtis Bay, | Graver Tank & Mfg. Co., Inc., IRON-FREE AUTOMATIC FILTER AND —— 
on © — East Chicago, Ind. (See Filter Alum) SOFTENER CONTROLS De Li 
aan ag FO A Infileo, Inc., 325 W. 25th Pl., Chi- | AMMONIA, ANHYDROUS & Builders-Providence, Inc., 9 Coé- Tren 
Charles St., Baltimore 1, Md. cago. III. AQUA ding St., Providence, R. I. Gina 
ACTIVATED CARBON F. B. Leopold Co., Inc., 422 First General Chemical Co., 40 Rector Chemical Equipment Co., P. 0. N.Y 
—— an Corp., Curtis Bay, Ave., Pittsburgh, Pa. . St., New York 6, N. Y. Box 3098, Terminal Annex, le Roots-( 

altimore, Md. Jeffrey Mfg. Co., Colymbus, Ohio. Great Western Division, Dow Angeles 12, Calif. Conn 
——— Norit Co., Jacksonville, | Link-Belt Co., 2045 W. Hunting Chemical Co., 310 Sansome St., Clayton Mfg. Co., Alhambra, Calif. Turbin 
“la Park Ave., Philadelphia 40, Pa. San Francisco, Calif. Everson Mfg. Co., 214 W. Huron St., 
Cliffs Dow Chemical Co., Marquette, Lombard Governor Corp., Ashland, Mathieson Alkali Wks., Inc., 60 BE. St., Chicago, lll. BLOWE 
— higan. ; on te deh 6 |, Mass. ue aaa 42nd St., New York City. Graver Tank & Mfg. Co., Ine, (See B 
ve se Cyrasee’ _ 7 o. 42nd St., | C. an 4 oe ++ a Dwight ae Chemical Co., St. Louis, ; a —— — PL. BLOWE 
e °o 7. | Rae ansas ity, Mo. Mo. nfileo, Inc., 325 . 25th -, Oi 4 
Graver Tank & Mfg. Co., Inc., Nooter, John, Boiler Works Co., Monsanto Chemical Co., Merrimac cago, Ill. Drive 
East Chicago, Ind. 1410 S. 2nd St., St. Louis 4, Mo. Div., Boston, Mass. Lakeside Engrg. Corp., 222 W. Allen-] 
Industrial Chemical Sales Division, | Omega Mach. Co., Inc., 9 Codding Penn. Salt Mfg. Co., Widener Adams St., Chicago, Ill. Ave. 
West Virginia Pulp & Paper Co., | St., Providence 1, R. I. Bldg., Philadelphia 7, Pa. Luther & Wood, 1427 Eye &., Homel 
7 Park Ave., New York City | Permutit Co., 330 W. 42nd St., E. M. Sergeant Pulp & Chemical N.W., Washington, D. C _ 
New York 18, N. Y. Co., Inc., 7 Dey St., New York Permutit Co., 330 W. snd 8t., BOILEI 
Infilco, ee. 325 W. 25th Pl., Ohi H. K. Porter Co., Inc., 1932 Oliver oe = New York 18, N. Y » APPA 
cago, Ill. Bldg., Pittsburgh 22, Pa. Sieteiatienidll . Simplex Valve & Meter Co., Phils- Permu 
Pree y nis, N Y. wanes —" Fame ig. Cn, Bene. i. he 77 Reservoir eS - s-¢ 5 West a 
w Yo . , a. - > aan urbine Equipmen 0., 75 Turb 
L. A. Salomon & Bro., 216 Pearl Stuart Brumley Corp., 516 N Ave., Providence, R. I. St.. New York 6, N. Y. - 
St., New York City. Charles St., Baltimore 1, Md | Chemical Besipment =e. P. 0. | BACK FILLERS BOILE 
Stuart Brumley Corp., 516 N Turbine Equipment Co., 75 West Box 3098, Terminal Annex, lo r aaoed . 201 W ILE] 
Charle : : —_Oanm Ww Angeles 12, Calif. Link-Belt Speeder Corp., = ’ Autom 
sarles St., Baltimore 1, Md. | St., New York 6, N. Y. x... > 7" Yhie 9, 
Vv . iavi ty Everson Filter Service Co., 214 W. Pershing Rd., Chicago 9», . dust 
. : -_ ogt Mfg. Co., Louisville, Ky. “ = ; : 
AERATION APPARATUS Yonmenn teethese Oo. 248 ¥ Huron St., Chicago, Il. BAR SCREENS Chie 
Allen res Corp., 449 Fayette Dayton St., Chic ago 22, Ill ' Graver Pe . Co., Ine., The American Well Works, Aurors, = 
Ave., Mamaroneck, N. Y. . atin . ‘ East Ohicago, Ind. Ill. lev 
Aluminum Co. of Amer., Guitf | ATR BLOWERS | Iutber & Wood, 1427 Eye St., Ralph B. Carter Co., 53 Park Simple 
Bldg., Pittsburgh, Pa. (See Blowers, Air) N.W., Washington, D. ©. ; Place, New York City. &T 
The, Amerions Well Works, Aurora, | AIR COMPRESSORS | Omega a o., Sie. , Codding Chain Belt Co., 1610 W. Bruce 8t, BOILE 
> (See Compressors, Air) St., Providence 1, -_ se Milwaukee 4, Wis. , MEN’ 
am Co., Perth Amboy, | annoy CAST IRON PIPE AND | Propertioncers, Ine. — St., Perork: City. Lexington Ave., New The 
N. d. > ‘ ° « 
Ralph B. Carter Co., 53 Park Place, FITTINGS 7 ’ | Wallace & Tiernan Co., Inc., New- Jruendler Crusher & Pulverizer Co. Bailey 
onicas .— var: 2349 Wolf ee cushy tam wie: Nowe ical Feeders Ine 2915 N. Market St., St. Louis Rd. 
cago Pump Co., 2 Yolfram > Se. yilson emica » snc., Mo. Build 
St., Chicago, Il. Cast Iron Pipe Research Assn., | 204 Clinton St., Buffalo, N. Y. Jeffrey Mfg. Co., Columbus, Ohie. Y> 
Graver Tank & Mfg. Co., Inc., = S. Michigan Ave., Chicago, | ANALYTICAL WARE Link-Belt Co., 2045 W. ee 3 Chain 
fast Chicago, Ind. oe _- | Chemlab Specialties Co., 52 Al- Park Ave., Philadelphia 40, Mil 
Infileo, Inc., 325 W. 25th Pl., Chi- Central eA os, 386 Fourth ae Road. Berkeley, Calif. Yeomans Bros. Co.. 1433 N. Dal Chem! 
cago, Ill. Ave., New 5s ny o01 N Phipps & Bird, Inc., Sixth & Byrd ton St., Chicago 22, Til. Box 
Jeffrey Mfg. Co., Columbus, Ohio, | Clow & Sane, Jancago, Ill. | ___Sts., Richmond, Va. BASIN CLEANERS Ang 
> ees see. 422 First U. 8. Pipe & Foundry Co., Bur- | ANTHRAFILT Champion Corp., Hammond, Ind. — 
Link Belt Co 2045 W Huntin lington, N. J. Anthracite Equipment Corp., 101 BEARINGS, ROLLER & BALL — 
, — , g . , . . Dorr | 
Park Ave., Philadelphia 40, Pa. Warren Foundry & Pipe Corp., 11 Park Ave., New York City. Jeffrey Mfg. Co., Columbus, Ohio. Yor 
Lombard Governor Corp., Ashland, Broadway, New York City. | AQUA AMMONIATORS | Link-Belt Co., 519 N. Holmes Avt» ek 
Mass R. D. Wood Co., 400 Chestnut St., | (See Ammoniators) Indianapolis 6, Ind. Chi 
C. T. McFarland Co., 523 Dwight Philadelphia, Pa. AQUAPHONES | BELTS, SAFETY ‘ P ~~ 
Bldg., Kansas City, Mo. ALTERNATORS, ELECTRIC | Aqua Survey & Instrument Co., | Mine Safety Appliances Co.. Bra Eas 
Pacific Flush Tank Co., 4241 Chicago Pump Co., 2349 Wolfram | 1409 Marlowe Ave., Cincinnati, dock, Thomas and Meade Sts. 
Ravenswood Ave., Chicago, Iil. St., Chicago, Il. \ Ohio. Pittsburgh, Pa. 
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ing 
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8 AGE 
BIN eco, 1610 W. Bruce St., 


Cha : 
kee 4, is. 
say Bridge & Iron Company, 
(nas McCormick Bldg., Chicago, 
il. s 
Mfg. Co., Newnan, Ga. 
BD. Po merican Process Equip- 


ment, 420 Lexington Ave., New 
reek 17, N.Y. + 

A Tank & Mfg. Co., Inc., 
Bast Chicago, Ind. 

Gruendler Crusher & Pulverizer Co., 
15 N. Market St., St. Louis, 
Mo. 

: Mfg. Co., Columbus, Ohio. 

Jer pelt Se. 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Nooter, John, Boiler Works Co., 


1410 8. 2nd St., St. Louis 4, Mo. 
pittsburgh-Des Moines Steel Oo., 
pittsburgh, Pa. ; 
portland Cement Association, 33 W. 
Grand Ave., Chicago, Ill. 

The Stacey Bros. Gas Construction 
Co., 5535 Vine St., Cincinnati, 
16, Ohio. 
™INOUS COATINGS AND 

LININGS 





(See also Cement Linings) 

General Paint Corp., 3001 Mayfield 
Rd., Cleveland, Ohio. 

Reilly Tar & Chemical Corp., Mer- 
ehants Bank Bldg., Indianapolis, 
Ind. 

BLACK ALUM 

Activated Alum Corp., Curtis Bay, 
Baltimore, Md. 

Stuart Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 


BLEACHING POWDER 


Hood Chemical Co., 450 W. 3ist 
St., New York City. 
Hooker Electrochemical Co., Buf- 


falo Ave. and Ward St., Niagara 


Falls, N. Y. 

Innis-Speiden & Co., 117 Liberty 
St., New York City. 

lather & Wood, 1427 Eye St., 


N.W., Washington, D. C. 

Mathieson Alkali Wks., 60 E. 42nd 
St., New York City. 

Niagara Alkali Co., 60 EB. 42nd St., 
New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa. 
Pittsburgh Plate Glass Co., Colum- 
bia Chemical Division, Grant 
Bidg., Pittsburgh 19, Pa. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

E. M. Sergeant Pulp & Chemical 
Co.. Inc., 7 Dey St., New York 
a. Be 

BLOWERS, AIR (Centrifugal and 

Rotary) 

Allen-Billmyre Corp., 449 Fayette 
Ave., Mamaroneck, N. Y. 

De Laval Steam Turbine 
Trenton, N. J. 

General Electric Co., 
a = 


Co., 
Schenectady, 


Roots-Connersville 
Connersville, Ind. 
Tarbine Equipment Co., 75 
St.. New York 6, N. Y. 

BLOWERS, GAS 

(See Blowers, Air) 

BLOWERS (Gasoline Engin 
Driven Portable) witens 
Allen-Billmyre Corp., 
Ave., Mamaroneck, N. 
se x Corporation, Port Chester, 


Blower Corp., 


West 


449 Fayette 
4 


BOILER BLOWOFF 
APPARATUS 
Permutit Co., 330 W. 42nd St., 

New York 18, N. Y. 

Turbine Equipment Co., 75 
St., New York 6, N. Y. 
BOILER FEED PUMP CONTROL 
Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave. 
Chicago, Ill. 
Bailey Meter Co., 1072 Ivanhoe Rd. 
Cleveland, Ohio. ; 
Simplex Valve & Meter Co.. 68th 
& Udland Sts., Philadelphia, Pa. 

BOILER FEEDWATER TREAT- 
MENT AND EQUIPMENT 
The American Well Works, Aurora, 


West 


Bailey Meter Co., 


1072 Ivanhoe 
-» Cleveland, Ohio. 
Builders-Providence, Inc., 9 Cod- 


ding St., Providence, R. I. 
Chain Belt Co., 1610 W. Bruce ‘St., 
Milwaukee 4, Wis. 


Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

Dearborn Chemical Co., 310 S. 


Michigan Ave., Chicago, III. 
rr Co., 570 Lexington Ave., New 
York City. 

Everson Mfg. Co., 214 W. Huron, 
Chicago, dll. 

Graver Tank & Mfg. Co., 


Inc., 
East Chicago, Ind, 










Hagan Corp., The, Pittsburgh, Pa. 

Infileo, Inc., 325 W. 25th Pl,, Ohi- 
cago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 W. 
Adams §St., Chicago, Ill. 

Link-Belt Co., 1 W. Pershing 
Rd., Chicago 9, Ill. 

Luther & Wood, 1427 Eye St., 
N.W., Washington, D. C. 

C. T. McFarland Co., 523 Dwight 
Bldg., Kansas City, Mo. 

Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 

Omega Machine Co., 9 Codding 
St., Providence 1, R. I. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 

Proportioneers, Inc., 9 Codding St., 

I 


Providence, R. I. 

Roberts Filter Mfg. Co., Darby, 
Penn. 

W. A. Taylor & Co., 7300 York 


Road, Baltimore, Md. 
Turbine Equipment Co., 75 
St., New York 6, N. Y. 
Wilson Chemical Feeders, 

Buffalo, N. Y. 
Worthington Pump & Machinery 
Corp., Harrison, New Jersey. 
Zeolite Chemical Co., 140 Cedar St., 

New York 6, N. Y. 


West 


Inc., 


BOILER FURNACE, BRICK 


a eee Co., Perth Amboy, 


as. 


BOILER PLANT ACCESSORIES 


Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 
Buiiders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, 


Pa. 

Graver Tank & Mfg. Co., Ince., 
East Chicago, Ind. 

Hagan Corp., Hagan Bldg., Pitts- 


burgh, Pa. 

Infileo, Inc., 325 W. 25th PIl., Chi- 
cago, ° 

Lakeside Engineering Corp., 222 
W. Adams S8t., Chicago, Ill. 

Luther & Wood, 1427 Eye S8t., 
N.W., Washington, D, C. 

Pacific Flush-Tank Co., 4241 


Ravenswood Ave., Chicago 3, Ill. 
Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 
Ross Valve Mfg. Co., P. O. Box 
ry 


505, Troy, N. Y. 
Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 


Turbine Equipment Co., 75 West 
St., New York 6, N. Y. 
BOILERS, GAS 
American Radiator & Standard 
Sanitary Corp., Bessemer Bldg., 
burgh 30, Pa. 
BOOKS, TECHNICAL 
Theo. Audel & Cm, 49 W. 25rd 
St.,. New York 10, N. Y. 
John Wiley & Sons, Inc., 440 4th 


Ave., New York 16, N. Y 


BOXES, VALVE AND METER 


Bailey Meter Co., 1072 
Rd., Cleveland, 0. 

Eddy Valve Co., Waterford, N. Y. 

Ford Meter Box Co., Wabash, Ind. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 

Josam Mfg. Co., 1783 East 11th 
St., Cleveland, Ohjo. 

M & H Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Decatur, Ill. 

Northrop & Co., Ine., 50 Church 
St., New York 7, N. Y. 

Rensselaer Valve Co., Troy, N. Y. 

Vogt Brothers Mfg. Co., Louis- 
ville, Ky. 

R. D. Wood Co., 400 Chestnut 
St., Philadelphia, Pa. 


Ivanhoe 


BRAKES, MAGNETIC, MECHAN- 


ICAL, HYDRAULIC 
Westinghouse Electric & Mfg. Co., 
P. 0. Box 868, Pittsburgh 30, Pa. 


BRASS GOODS 


(See also Pipe, Brass) 
American Brass Co., Waterbury, 
Conn. 

Bridgeport Brass, Bridgeport 2, 


onn, 
Hays Mfg. Co., Erie, Pa. 
Mueller Co., Decatur, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


BREATHING APPARATUS 


Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., 
Pittsburgh, Pa. 


BREECHINGS, STEEL 


Chicago Bridge & Iron Company, 
2198 McCormick Bldg., Chicago, 


Ill. 
R. D. Cole Mfg. Co., Newnan, Ga. 





Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Nooter, John, Boiler Works Co., 
1410 §. 2nd St., St. Louis 4, Mo. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Stacey Bros. Gas Construction Co., 

= Vine St., Cincinnati 16, 
0. 


BUCKETS, SEWER 
Ohampion Corp., Hammond, Ind. 


BUFFER SOLUTIONS & MIX- 
TURES 


Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 
W. A. Taylor & Oo., 7300 York 
Rd., Baltimore, Md. 
BUTTERFLY VALVES 
(See Valves, Butterfly) 


CALCIUM HYPOCHLORITE 
(See also Bleaching Powder) 
Chem-Feeds, Inc., 77 Reservoir 

Ave., Providence, R. I. 
Hood Chemical Co., 450 W. 3ist 
St., New York City. 
Innis, Speiden & Co., 117 Liberty 
St., New York City. 
Luther & Wood, 1427 Eye St., 
N.W., Washington, D. C. 
Mathieson Alkali Wks., 60 DB. 42nd 
St., New York City. 
Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa. 
Pittsburgh Plate Glass Co., Colum- 
bia Chemical Division, Grant 
Bldg., Pittsburgh 19, Pa. 
Proportioneers, Inc., 9 Codding S8t., 
Providence, R. I. 
M. Sergeant Pulp & Chemical 
Co., Inc., 7 Dey St., New York 
i ae A 

CALGON 

(See Corrosion Suppression and 
Water Stabilization) 

CALKING MACHINES & TOOLS 
Mueller Co., Decatur, Ill. 

Northrop & Co., Inec., 50 Church 
St., New York 7, N. Y. 

Schramm, Inc., West Chester, Pa. 

CARBON-ACTIVATED 
(See Activated Carbon) 

CARBONATORS ( 
Carborundum Co., 





Recarbonation) . 
Perth Amboy, 


N. J. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., 
East. Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Ohi- 


Inc., 


eago, Ill. 

Lakeside Engineering Corp., 2 
W. Adams S8t., Chicago, Ill. 

F. B. Leopold Co., Inc., 422 First 


Ave., Pittsburgh, Pa. 

C. T. McFarland Co., 523 Dwight 
Bldg., Kansas Oity, Mo. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 

Vogt Mfg. Co., Louisville, Ky. 


CAR SPOTTERS & HAULAGE 
SYSTEMS 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2410 W. 18th St., 
Chicago 8, Ill. 


CASTINGS, IRON, STEEL, 

ALLOY STEEL, ETC. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Ohicago, Ill. 

The Central Foundry Co., 386 
Fourth Ave., New York, N. Y. 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 

Climax Engineering Co., 


Iowa. 
Clow & Sons, James B., 201 N. 
Chicago, Ill. 


Talman Ave., 

The Eimco Corp., P. 0. Box 300, 
Salt Lake City, Utah. 

Fort Pitt Steel Castings Div., H. K. 
Porter Co., McKeesport, Pa. 

Grinnell Co., Ince., W. Ex- 
change St., Providence, R. I. 

Hunt, Rodney, Machine Co., 
Orange, Mass. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

M & H Valve & Fittings Co., 
Anniston, Ala. 

U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 

CAST IRON PIPE 

(See Pipe) 

CATCH BASIN INLET 

Northrop & Co., Inc,, 50 Church 
St., New York 7, N. Y. 

CATCH BASINS, CORRUGATED 

IRON 

Armco Drainage Products 
Middletown, Ohio. 


CATHODIC PROTECTIVE 


Clinton, 


Assn., 





SYSTEMS 
Dow Chemical Co., Midland, Mich. 





CHEMICAL, 


CHEMICAL 
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Electro Rust-Proofing Co., 1026 
Wayne Ave., Dayton, Ohio. 
Johnston & Jennings Co., Rusta 
Restor Div., 877 Addison Rd., 

Cleveland, Ohio. 
Westinghouse Electric & Mfg. Co., 
P. 0. Box 868, Pittsburgh 30, Pa. 


CAUSTIC SODA 


Diamond Alkali Co., Pittsburgh, 


Pa. 

Dow Chemical Co., Midland, Mich. 

Great Western Division, Dow 
Chemical Co., 310 Sansome §&t., 
San Francisco, ° 

Hood Chemical Co., 450 W. 3ist 
St., New York City. 

Hooker Electrochemical Co., Buf- 
falo Ave. and Ward St., Niagara 
Falls, N. Y. 

Innis-Speiden & Co., 117 Liberty 
St., New York City. 

Mathieson Alkali Wks., 60 B. 42nd 
St., New York City. 

Niagara Alkali Co., 60 E. 42nd 
St., New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa. 

Pittsburgh Plate Glass Co., Colum- 
bia Chemical Division, 30 Rocke- 
feller Plaza, New York City. 

E. M. Sergeant Pulp & Chemical 
Co., Inc., Empire State Bldg., 
New York 1, N. Y; 

Solvay Sales Corp., 40 Rector St., 
New York City. 


CEMENT, ASBESTOS PIPE 


Johns-Manville, 22 B. 40th St., New 
York City. — 


CEMENT GUN 


Cement Gun Co., Allentown, Pa. 


CEMENT PIPE 


(See Pipe, Cement; Pipe, Concrete) 


CEMENT LINED PIPE 


(See Pipe) 


CEMENT LINING OF PIPE 


Cement Lined Pipe Co., Lynn, 


Mass. 

Centriline Corp., 140 Cedar St., 
New York City 

Tate Pipe Linings, 
Mass, 


Inc., Andover, 


CEMENTS, ACID PROOF 


Atlas Mineral Prod. Co., Mertz- 
town, Pa. 

Northrup & Co., Inc., 50 Church 
St., New York 7, N. Y. 

Pennsylvania Salt Mfg. Co., 1000 
Widener Bldg., Philadelphia 7 
Pa. 


CEMENTS, REFRACTORY 


Carborundum Co., Perth Amboy, 


Johns-Manville, 22 E. 40th St., 
New York City. 
CEMENTS, SEWER PIPE 
Atlas Mineral Prod. Co., Mertz- 
_ town, Pa. 
Hydraulic Development Corp., 50 


Church St., New York City. 


Pennsylvania Salt Mfg. Co., 1000 
Widener Bldg., Philadelphia 7, 
Pa. 


CEMENTS, WATER MAINS 


Prod. Co., Mertz- 


Atlas Mineral 
town, Pa. 

Hydraulic Development Corp., 50 
Church St., New York City. 

Leadite Co., Girard Trust Bldg., 
Philadelphia, Pa. 

Northrup & Co., Inc., 50 Church 
St., New York 7, N. Y. 


CHAINS (Elevating, Conveying & 


Power Transmission) 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

CONVEYING 

EQUIPMENT 

Chain Belt Co., 1610 W. Bruce 8t., 
Milwaukee 4, Wis. 

Dracco Corp., Cleveland, Ohio. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 


Mo. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 


FEEDING & PRO- 
PORTIONING EQUIPMENT 
Chem-Feeds, Inc., 77 Reservoir 
Ave., Providence, R. I. 
Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
Dearborn Chemical Co., 310 S&S. 
Michigan Ave., Chicago, Il. 


Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 
Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 
Infilco, Inc., 325 W. 25th Pl. Chi- 
eago, Ill. 
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Jeffrey Mfg. Co., Columbus, Ohio. 

lakeside Engrg. Corp., w. 
Adams 8t., Chicago, Il. 

F. B. Leopold, 422 First Ave., 
Pittsburgh, Pa. 

Link-Belt Oo., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Lather & Wood, 1427 Eye §&t., 


N.W., Washington, D. C. 
©. T. McFarland Co., 523 Dwight 
Bldg., Kansas City, Mo. 
Nooter, John, Boiler Works Co., 
1410 8. 2nd St., St. Louis 4, Mo. 
Omega Machine Co., 9 Codding 
St., Providence 1, R. I. 
Permutit Co., 330 W. 42nd St., 
New York City 
Phipps & Bird, be. Sixth & Byrd, 


Richmond, Va. 
Proportioneers, Inc., 9 Codding 8t., 
Darby, 


Providence, a 

om Filter Mfg. Co., 

inion Valve & Meter Co., 68th 
& Upland Ste., Philadelphia, Pa. 

Turbine Equipment Co., 75 West 
8t., New York 6, N. 2 

Wallace & Tiernan Co. , Inc., New- 
ark 1, N. J. 

Wilson Chemical Feeders, Inc., 204 
Clinton St., Buffalo, N. 


CHEMICALS FOR WATER 
PURIFICATION 
Activated Alum Corp., Curtis Bay, 
Baltimore, Md. 
American Colloid Co., 363 W. Supe- 


rior St., Chicago, Il. 

Calgon, Inc., Hagan Bldg., Pitts- 
burgh, Pa. 

Chemical Equipment Co., P. 0. 


Box 3008, Terminal Annex, Los 
Angeles 12, Calif. 
Darco Corp., 60 B. 42nd 8t., 
York City 17: 
Dearborn Chemical Co., 310 §S. 
Michigan Ave., Chicago, Il. 
Diamond Alkali Co., Pittsburgh, 


The Dow Chem. Co., Midland, 
Mich 


New 


Everson Mfg. Oo., 214 W. Huron 
St., Chicago, Ill 


General Chemical ‘Co., 40 Rector 
St., New York 6, N. Y 


Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 
Hoed Chemical Co., 450 W. 31st 
St., New York, A 


Hooker Blectrochemical Co., Buf- 
falo Ave. and Ward St., Niagara 
Falls, N. Y. 

Industrial Chemical Sales Div., 
West Virginia Pulp & Paper Co., 
230 Park Ave., New York 17. 


Infileo, Inc., 8325 W. 25th Pl., Chi- 
cago 16, Ill. 

Innis-Speiden & Co., 117 Liberty 
St., New York City. 

Takeside Engrg. Corp., 222 W. 
Adams 8t., Chicago, Il. 

Mathieson Alkali Works, Inc., 60 
B. 42nd St., New York. 

ae Chemical Co., St. Louis, 
0. 

Monsanto Chemical Co., Merrimac 


Div., Boston, Mass. 
Niagara Alkali Co., 60 EB. 42nd 
St., New York City. 


Pennsylvania Salt Mfg. Co., 1000 
er Bldg., Philadelphia _ A 
a. 

Permutit Co., 3830 W. 42nd St., 
New York 18, a ee 


Phelps Dodge Refg. Corp., 40 Wall 
St., New York, N. Y. 


Pittebur Plate “Glass Co., Colum- 
bia Yhemical Division, Grant 
Bldg., Pittsburgh 19, Pa. 


Proportioneers, eats 9 Codding St., 


Providence, R 
Reilly Tar & Chem. Corp., Mer- 
Bldg., Indian- 
L. A. Salomon & Bro., 


chants Bank 
apolis, Ind. 
216 Pearl 
St., New York City. 
BP. M. Sergeant Pulp & Chemical 


Co., Inc., 7 Dey St., New York 
7, N. Y. 
Solvay Sales Corp., 40 Rector St., 
New York. 
Standard Silicate Div., Diamond 
Alkali Co., Pittsburgh, Pa. 
Stuart Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 


Tennessee Corp., 621 Grant Bldg., 
Atlanta, Ga 

Virginia Smelting Co., West 
folk, Va. 

Wallace & Tiernan Co., 
ark, N. J. 

Wilson Chemical Feeders, Inc., 
Clinton St., Buffalo, N. Y. 


CHEMISTS AND ENGINEERS 


(See Directory of Consultants, 
pages 116-117) 


Nor- 
New- 


204 


Inc., 


CHLORIDE OF LIME (Chlori- 
nated Lime) 
Hood Chemical Co., 450 W. Sist 


St., New York City. 
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Hooker —w—_} 7] Co., Buf- 
falo Ate and Ward St., Niagara 


Falls, Ze 

Innis-8: iden & Co., 117 Liberty 

ew York Ci 

Mathieson Alkali Wks., ., 60 BE, 42nd 
St., New York City. 

Niagara Alkali eS BE. 42nd 


8t., New York y. 
Penn. Salt Mfg. i Widener 
Bldg., Philadelphia 7, Pa. 
B. M. Sergeant Pulp & Chemical 
Co., Inc., 7 Dey St., New York 
Ve Bs Be 
CHLORINATORS 


(See also Hypochlorinators) 

Chem-Feeds, Inc., 77 Reservoir 
Ave., Providence, R. I. 

Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

Everson Filter Service Co., 214 W. 


Huron 8t., Cone, mm. 

Graver Tank & M fg. Co., Inc., East 
Chicago, Ind. 

Infileo, Inc., 825 W. 25th Pl., Ohi- 
- cago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams 8t., Chicago, Il. 

Lather & Wood, 1427 Bye S&t., 


N.W., Washington, D. C. 
Cc. T. McFarland Co., 523 Dwight 
Bidg., Kansas City, Mo. 
Omega Machine Co., 9 Codding 
8t., ena 1, R, I. 
, Sixth & Byrd, 


Proportioneers, ae 9 Codding St., 


Providence, R. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 

Wilson Chemical Feeders, Inc., 204 
Clinton St., Buffalo, N. Y. 


CHLORINE DIOXIDE 
(See Sodium Chlorite) 


CHLORINE, LIQUID 
Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 
om Alkali Co., 


a. 

Great Western Division, Dow 
Chemical Co., 310 Sansome S&St., 
San Francisco, Calif. 


Pittsburgh, 


Hooker Electrochemical Co., Buf- 
falo Ave. and Ward St., Niagara 
Falls, N. Y. 

Mathieson Alkali Wks., 60 FE. 42nd 
St., New York City. 

Monsanto Chemical Co., St. Louis, 


0. 

Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 

Niagara Alkali Co., 60 E. 42nd 
St., New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa. 
Pittsburgh Plate Glass Co.,° 
bia Chemical Division, 
Bldg., Pittsburgh 19, Pa. 
E. Sergeant Pulp & Chemical 
Co., Inc., 7 Dey St., New York 

7, N. Y. 
Solvay Sales Corp., 40 Rector St., 


Colum- 
Grant 


New York. 
Wallace & Tiernan Co., Inc., New- 
ark 1, 
EQUIP- 


CHLORINE CONTROL 
MENT 


Chem-Feeds, Inc., 77 Reservoir 
Ave., Providence, R. I. 
Chemical Equipment Co., P. 0. 
x 3098, Terminal Annex, Los 

Angeles 12, Calif. 
214 W. Huron 


Morse & Co., 600 8. 
Michigan Ave., Chicago. Ill. 

Food Machinery Corp., 3075 Twelfth 
8t., Riverside, Calif. 

Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 

Luther & Wood, 1427 Bye §&St., 
N.W., Washington, D. C. 

Omega Machine Co., 9 Codding 
St., Providence 1, R. 

Proportioneers. os 8 9 Codding St., 
Providence, R. 
. A, Taylor & Co., 7300 York 
Road, Baltimore, Md. 

Wallace & a. Co., 
ark 1, N. 

Wilson Ohemtcai Feeders, Inc., 
Clinton St., Buffalo, N. Y. 


Inc., New- 
204 


CHUTES, COAL, ETC. 


Chicago Bridge & Iron Company, 
2198 McCormick Bldg., Chicago, 


Til. 
R. D. Cole Mfg. Co., Newnan, Ga. 
Graver Tank & Mfg. Co., Inc., East 


Chicago, Ind. 
Jeffrey Mfg. Co., Columbus, Ohio. 
W. Pershing 


Link-Belt Co., 
Rd., Chicago 9, Ill. 

Nooter, John, Boiler Works Co., 
1410 8. 2nd 8t., St. Louis 4, Mo. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 








CLAMPS AND SLEEVES, PIPE 
Amer. Cast Iron Pipe Co., Birming- 


ham, Ala. 
Caggee- Canine Corp., Birmingham, 


Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, " 

Dresser Mfg 9 ford, Pa. 

Grinnell Co., Inc., 260 Y: at 

e 8St., Providence, R 

Iowa Valve Co., Hubbell “Blag. ° 
Des Moines, Iowa. 

Mueller Co., Decatur, Ill. 

Northrop & Co., Inc., 4 Oburch 
St., New York 7, 

Rennselaer Valve Co., ir, + 4 

The A. P. Smith Mfg. eS N. 


Arlington Ave., E. ASK N. J. 
Warren Foundry & Pipe Co., 11 
Broadway, New York City. 


CLAMPS, BELL JOINT 
oa Corp., Birmingham, 


a. 

Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 

Dresser Mfg. Div., — Pa. 


Grinnell Co., Inc., 260 _ 
change St., Providence, R. 
Northrop & Co., Inc., 4 obureh 


St., New York 7, N. 

Peerless Pump Division, Food Ma- 
chinery Corp., W. Avenue 
26, Los Angeles 81, Calif. 

Pittsburgh Equitable Meter Co., 
~ Lexington Ave., Pittsburgh, 


onamve. PIPE REPAIR 
Carson-Cadillac Corp., Birmingham, 


Ala. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Il. 
Dresser Mfg. Div., Bradford, Pa. 
Northrop & Co., Inc., 50 Church 
St., New York 7, , 


ber SEWAGE 
Then American Well Works, Aurora, 


Til. 

Ralph B. Carter Co., 53 Park Pl., 
New York City 

Chain Belt Ae 1610 W. Bruce 8t., 
Milwaukee 4. Wis. 

Dorr Co., 570 Lexington Ave., New 
York City 

Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 

Infilco, Inc., 825 W. 25th Pl., Chi- 
eago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 2 W. 
Adams 8t., Chicago, Il. 


Link-Belt 2045 W. Hunting 
Park Ave., “philadelphia 40, Pa. 
Pacific Flush Tank Co., 4241 


Ravenswood Ave., Chicago, III. 

Permutit Co., 330 W. 42nd St., 
New York 18, | ao # 

Turbine Equipment Co., 75 West 
St., New York 6, N. Y. 

Yeomans Brothers Co., 1433 N. 
Dayton St.,, Chicago 22, Ill. 

CLEANERS, AIR INTAKE 
Burgess-Manning Co., 2815 W. Ros- 

coe, Chicago, Il. 

CLAY PIPE 
(See Vitrified Clay Pipe and Prod- 

ucts) 

CLEANING SEWER MAINS 
Champion Corp., Hammond, Ind. 
Flexible Sewer-Rod Eqpt. Co., 90590 

Venice Blvd., Los Angeles, Calif. 
National Water Main ae ay > 
30 Church 8t., New York 7, 
W. H. Stewart. 0. Box aS 
Syracuse, N. Y 


CLEANING WATER MAINS 
Flexible Underground Pipe Clean- 
ing he Venice Bivd., Los 
Angeles, Calif. 


National Water Main Cleaning Co., 
30 Church 8t., New York City. 
ones Brumley’ Corp., timore, 


d 
Tate Pipe Linings, Inc., Andover, 
Mass. 

COAGULANTS & COAGULATION 
CONTROL CHEMICALS 
Activated Alum Corp., Ourtis Bay, 

Baltimore, Md. 
one Alkali ©o., Pittsburgh, 
Dow Chemical Co., Midland, Mich. 
General Chemical Co... 40 Rector 


St., New York 6, |e 3 
Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 


Innis-Speiden & Co., 117 Liberty 
St., New York City. 

Lakeside Engrg. Corp., 222 W. 
Adams 8t., Chicago, Ill. 

Monsanto Chemical Co., St. Louis, 


Mo. 

Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 

Penn. Salt Mfg. Co., 1000 Widener 
Bids. . Philadelphia 7, Pa. 

Philadelphia Quartz Co., Third & 
Ionic Sts., Philadelphia 6, Pa. 





Stuart Brumley 


Charles St. Corp., 516 X. 
Ten 


aia, BPC a 
COAL & ASHES HANDLING 
STEEL AND Woop Co., M 

town, Pa. — 

mitienian Aver oui m * 


The Eimco Corp., P. 
Salt Lake City, tan, “= ™ 
General Paint Corp., 3091 Maytfielg 


Penn,’ galt Mae” Ohio 
enn Co., 1 

Bldg., Philadelphia 1000, Wiener 
Philadeiphia Quartz Co., Philadel. 


phia 
Reilly ‘tar & Chemical Corp., 
ary Bank Bidg., Indisuayon, 


Ind 
COATINGS AND LININGS 
(See Bituminous Coatings and Lip. 
ings) 
COCKS, a. Da COR 
PORATION, ~ 
American Car = “Fay. Co., 3% 
Church St., New York 8 X° Y. 
Ford Meter Box Co., Wabash, Ind. 
Hays Mfg. Co., Erie, Pa. 
Mueller Co., Decatur, Ii. 
Merco Nordstrom Valve Co., Ler. 
a oe “bo, Tae 56 Pa, 
orthro ne., 4 
St., New York 7,N. ¥ “en 
Peerless Pump Division, Food Ma. 
ehinery Corp., 301 W. Avenue 2 
Los Angeles 31, Calif 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N, J. 


COCKS, LUBRICATED PLUG 
American Car & Fdy. Oo., » 
Church St., New York 8, N. ¥ 
Merco Nordstrom Valve Oo., 400 X. 
Lexington Ave., Pittsburgh, Pa. 


COLLECTORS (Sludge) 
™ American Well Works, Aurora, 


Ralph B. Gover Co., 53 Park Pl, 

New York City 

Chain Belt Co., 1610 W. Bruce &t,, 
Milwaukee 4. Wis. 

Dorr Co., 570 Lexington Ave., New 
York Cit: y. 

Graver Tank & Mfg. Co., Inc., Bast 
Chicago, Ind. 

Infilco, Inc., 326 W. 25th PlL., Ohi- 
cago, " 

Jeffrey Mfg. Co., Columbus, ~ 

Lakeside Engrg. Corp., 
Adams §&t., 

Link-Belt Co., Hunting 
Park Ave., Praredetyeia on 40, Pa. 

Yeomans Bros., 1433 N.. Dayton 
St., Chicago 22, Ill. 

COMBUSTION INDICATORS 

AND RECORD 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 


Permutit Co., 330 W. 42nd 8t, 
York 18, N. Y. 
COMMIN 


UTORS 
(See Grinders also) 
Cosenge Pump Co., 2349 Wolfram 
, Chicago, Ill. 
companauens 
Hellige, Inc., 3718 Northern Bivi., 
Long Island City, N. Y. 
—_—- & Wood, 1427 as 8t., 
N.W., Washington, D. C 
Proportioneers, Inc., 9 Codding 8t., 
Providence, R. I. 
W. A. Taylor & Co., 7300 York 
Road, Baltimore, Md. 
Wallace & Tiernan Co., Inc., New- 


ark, N. J. 

Wilson Chemical Feeders, 
Buffalo, N. Y. 

COMPOUNDS, SEWER JOINT 
Atlas —— Prod. Co., Mertz 
town, 

Hydraulic ‘Development Corp., 3 


Ine., 


Church St., New York City. 

Leadite Co., Girard Trust (Co. 
Bldg., Philadelphia 2, Pa. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Ohicago, IIl. 

Reilly Tar & Chem. Corp., Mer 
chants Bank Bldg., Indian 
apolis, Ind. 

Servicised Products Corp., 6051 W. 
65th St., Chicago, Ill. 

COMPRESSORS, AIR 

Clayton. Mfg. Co., Alhambra, Calif. 

Couper. Buqeemer Corp., Mount 
Vernon, 

De Laval Steam Turbine Co., Tret- 
ton, N. J. 

Gardner-Denver Co., Quincy, Ill. 

Le Roi Co., 1706 S. 68th St., Mil- 
waukee 14, Wis 

Northrop & Co., Inc., 4 Church 


N. 
Roots-Connersville = Corp., 


Connersville, Ind. 




















layfielg 
idener 
iladel. 


» Mer. 
ADolis, 
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mm, Inc., West Chester, Pa. 
oaewan Machinery Co., Michigan 
Ind 


jana. 
e Equipment Co., 75 West 

Turbine, Be York 6, N. Y. 
& Machinery 


ington Pump 
— Pim. New Jersey. 


ans Bros. Co., 1433 N. Day- 
= St., Chicago 22, Ill. 
CRETE BREAKERS 

OOM iner-Denver Co., Quincy, Ill. 

Northrup & Co., Inc., 50 Church 


St., New York 7, N. 
Schramm, Inc., West Chester, Pa. 
sullivan Machinery Co., Michigan 

City, Indiana. 


CONCRETE CONTROL 

Scientific Concrete Service Corp., 
Mclachlen Bildg., Washington, 
D. C. 


CONCRETE HARDENER 
Connelly Iron Sponge and Governor 
Co., Tag So. Califormia Ave., Chi- 
cago, Ill. 

Diamond Alkali Co., Pittsburgh, 
philadelphia Quartz Co., Third & 
Ionic Sts., Philadelphia 6, Pa. 
Standard Silicate Div., Diamond 

Alkali Co., Pittsburgh, Pa. 


CONCRETE MIXERS 
Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 


CONCRETE PIPE 

(See Pipe, Concrete.) 

American Concrete Pipe Assn., 33 
W. Grand Ave., Chicago 10, Il. 

lock-Joint Pipe Co., P. O. Box 
269, East Orange, N. J. 

CONDENSERS (Steam) 

Amer. Cast Iron Pipe Co., Birming- 
ham, Ala. 

J. P. Devine Mfg. Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa. 

General American Process Equip- 


ment, 420 Lexington Ave., New 
York 17, N. Y. 
Nootér, John, Boller Works Co., 


1410 S. 2nd St., St. Louis 4, Mo. 
U. 8. -, & Foundry Co., Burling- 
ton, N. J. 
Worthington Pump & # Machy. 
Corp., Harrison, N. J. 


CONTRACTORS (Water Works & 
Sewerage) 

Ambursen Engineering Corp., 295 
Madison Ave., New York, N. ‘Se 
Cement Gum Co., P. O. Box 424, 
Allentown, Pa. 

Fritz Ziebarth, 820 W. Esther St., 
Long Beach, Calif. 


CONTROLLERS, AUTOMATIC, 


ELECTRIC 

Builders-Providence, Ine., 9 Cod- 
ding -St., Providence, >. i 
Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, ml. 

Luther & Wood, 1427 Eye St., 


N.W., Washington, D. C. 
Simplex Valve & Meter Co., 68th 
ag Upland Sts., Philadelphia, 


Pa. 
Wilson Chemical Feeders, Inc., 204 
Clinton St., Buffalo, N. 
Westinghouse Electric & Mfg. Co., 
0. Box 868, Pittsburgh 30, Pa. 


CONTROLLERS, FLOW, LEVEL, 


PRESSURE, TEMPERATURE 
Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. a 

Hagan Corp., Hagan Bidg., Pitts- 
burgh,, Pa. 

Infilco, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 


F. B. Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa. 
Iuther & Wood, 1427 Eye St., 


N.W., Washington, D. C. 
Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 
Roberts Filter Mfg. Co., 
Ross Valve Mfg. oa 
AOS, Troy. N. 
Simplex Valve & inoter Co., 68th & 
_ Upland _Sts., Philadelphia, Pa. 
Turbine Equipment Co., Ti+ West 
St., New York 6, N. Y. 
Ww allace . Tiernan Co., Inc., New- 
ark 1, N. J. 
Wilson Chemical Feeders, 
Clinton St., Buffalo, N. 


Darby, Pa. 
P. O. Box 


Inc., 204 
ze 


CONVEYORS AND CONVEYING 


EQUIPMENT 

Builders-Providence, Ine.. 9% Cod 
ding St., Providence, R. I. 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 

Dracco Corp., Cleveland, Ohio. 

Food Machinery Corp., 3075 Twelfth 
St., Riverside, Calif. 


COPPERS (Sulphate of I 








Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Mfg. Co., 2045 W. Hunt- 
ing Park Ave., Philadelphia 40, 


Pa. 

Luther & Wood, ag | Eye St., 
N.W., Washington, D C. 

Omega "Machine Co., 3409 BE. 18th 
St., Kansas City, Mo. 


COOLING TOWERS 


J. P. Devine Mfg. Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa. 

T.’ McFarland Co., 523 Dwight 
"Bidg., Kansas City; Mo. 

Nooter, John, Boiler Works Co., 
1410 8. 2nd St., St. Louis 4, Mo. 

Stacey Bros. Gas’ Construction Co., 
a Vine St., Cincinnati 16, 

0. 


COPPER, BRASS, BRONZE 


American Brass Co., Waterbury, 


Conn. 

Bridgeport Brass Co., Bridgeport 
2; Conn, 

Hays Mfg. Co., Erie, Pa. 

Mueller Brass Co., Port Huron, 
Mich. 

Northrup & Co., Inc., og Church 
St., New York 7, N. Y. 


ron) 
Innis-Speiden & Co., “7 Liberty 
St., New York City. 
E. M. Sergeant Pulp & Chemical 
os, me Dey St., New York 


COPPER SULPHATE 


General Chemical Co., 40 Rector 
St., New York 6, N. Y. 

Innis-Speiden & Co., 117 Liberty 
St., New York City. 

Phelps Dodge Refg. — 40 Wall 
St.. New York, N. Y. 

E. M. Sergeant Pulp & Chemical 
ha 7 Dey St., New York 


Tennessee Corp., 621 Grant Bldg., 
Atlanta, Ga. 


COPPER TUBE 


American Brass Co., Waterbury, 
Conn. 

Bridgeport Brass Co., Bridgeport 
2, Conn. 


Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Hays Mfg. Co., Erie, Pa. 


Mueller Brass Co., Port Huron, 
Mich. 
Mueller Co., Decatur, Il. 


Northrup & Co., Inc., 50 Church 
St., New York 7, N. Y. 


CORROSION SUPPRESSION 


Calgon, Inc., Hagan Bldg., Pitts- 
burgh, Pa. 

Dearborn Chemical Co., 310 S. 
Michigan Ave., Chicago, Il. 
Dow Chemical Co., Midland, Mich. 
Electro Rust- Proofing Co., 29 W. 

Apple St., Dayton, Ohio. 
Permutit Co., 330 W. 42nd S8t., 
New York 18, N. Y. 


COUPLINGS & CONNECTIONS, 
PIPE 


Hard Rubber Co., 11 
Mercer St., New York 13, N. Y. 
Automatic Control Div., Climax In- 

dustries, 1949 8S. Western Ave., 
Chicago, Ill. 
A. M. Byers Co., Pittsburgh, “. 
Clow & Sons, James B., 201 
Talman Ave., Chicago, Il. 
Dresser Mfg. Div., Bradford, Pa. 
Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 
Hays Mfg. Co., Erie, Pa. 
Mueller Brass Co., Port Huron, 


Mich. 
Mueller Co., Decatur, Il. 
National Tube Co., Frick Bldg., 


ni ty Pa. 
a my hy Co., Ine., of Church 
Food Ma- 


St., New York 7, N. 
Peerless Pump Division, 
chinery Corp., 301 West Avenue 
26, Los Angeles 31, Calif. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
Victaulic Co. of America. 30 Rocke- 
feller Plaza, New York, N. Y. 


American 


COUPLINGS, FLEXIBLE 


Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Chicago Pump Co., 
St., Chicago, Il. 

Chain Belt Co., 1610 W. 
Milwaukee 4 Wis. 

De Laval Steam Turbine Co., 
Trenton, N. 

Dresser Mfg. Div.. Bradford, Pa. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 220 8S. Belmont Ave., 
Indianapolis 6, Ind. 

Lombard Governor Corp., 
Mass. 


2349 Wolfram 


Bruce St., 


Ashland, 





Peerless Pump Division, Food Ma- 
chinery Corp., 301 West Avenue 
26, Los Angeles 31, Calif. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 

Victaulic Co. of America, 30 Rocke- 
feller Plaza, New York, N. Y. 


COVERS, HANDHOLE, MAN- 


HOLE, SAMPLING 

Clow & Sons, James B., 201 N. 
Talman Ave., Chica ri. 

Josam Mfg. Co., 1783 st 11th St., 
Cleveland, Ohio. 

Boiler Works Co., 

St. Louis 4, Mo. 

m3 » 50 Church 


Nooter, John, 
1410 2nd S8t., 
Northrup & OCo., 
St., New York Z. 
Stacey Bros. Gas TR Co., 
55385 Vine St., Cincinnati 16, 
Ohio. 
= Concrete Form Products Co., 
5248 W. 25th Pl., Chicago, Ill. 
Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, "Calif. 


CRANES & HOISTS 


Hunt, Rodney, Machine Co., 
Orange, Mass. 
Northrup & Co., 


Inc., 50 Church 
St., New York’ te ae. Be 


CULVERT CLEANERS 


Champion Corp., Hammond, Ind. 
we. me Stewart, P. O. Box 767 
Syracuse, N. Y. 


CULVERT PIPE 


American Cast Iron Pipe Co., Bir- 
mingham, 
American Concrete Pipe Assn., 33 
W. Grand Ave., Chicago, Il. 
Armco Drainage Products Assn., 
Middletown, Ohio. 

Cast Iron Pipe Research Assn., 122 
8. Michigan Ave., Chicago, Il. 

The Central Foundry Co., 
Fourth Ave., New York, N.Y. 

Clow and Sons, James B., 201 N. 
Talman Ave., Chicago, iil. 

Johns-Manville, "22 B. 40th St., New 
York City (Asbestos-Cement). 

Lock Joint Pipe Co., P. O. Box 
269, East Orange, N. J. 

Nat’l Clay Pipe Mfrs., Inc., 111 
W. Washington St., Chicago, Ill. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. (Cast Iron). 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City 

R. D. Wood Co., Philadelphia, Pa. 


CURB BOXES 


Central Foundry Co., 386 Fourth 
Ave., New York City. 

Crane Co., 836.8. Michigan Ave., 
Chicago, Ill. 

Hays Mfg. Co., Erie, Pa. 

Mueller Co., Decatur, Il. 

Northrup & Co., Inc., ead Church 
St., New York 7, N. Y. 


DECHLORINATING aqvirmanre 


AND CHEMICALS 

Chem-Feeds, Inc., 77 Reservoir 
Ave., Providence, R. I. 

Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 
General Chemical Co., 40 Rector 
St.. New York, N. Y. 
Graver Tank & Mfg. Co., 

East Chicago, Ind. 


Inc., 


Infileo, Inc., 325 W. 25th P1., Chi- 
eago, Ill. 
Luther & Wood. 1427 Eye St., 


N.W.. Washington, D. C. 
Cc. T. McFarland Co., 523 Dwight 
Bldg., Kansas City, Mo. 
Omega Machine Co., Inc., 9 Cod- 
ding St., Providence | a R. ) a 
Permutit Co., 330 W. 42nd S8t., 
New York 18, N. Y. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

—-* Smelting Co., West Nor- 
0 

Wallace & “Tiernan Co., Inc., New- 


ark 1, 
Wilson | Feeders, Inc., 
Buffalo, N. Y. 


DE-MINERALIZATION (Water) 


Dorr Co., 570 Lexington Ave., New 
York 22, N. ° 

Infileo, Inc., 325 W. 25th Place, 
Chicago 16, Ill. 


Permutit Co.. 330 W. 42nd St., 
New York 18, N. Y. 
DEMOLITION TOOLS 
Gardner-Denver Co., Quincy, III. 


Northrup & Co., Inc., Md Church 
St., New York 7, N. 

Schramm, Inc., West cbaiies Pa. 

Sullivan Machinery Co., Michigan 
City, Indiana. 


DIAPHRAGM, PUMP 


Ralph B. Carter Co., 53 Park PI1., 
New York City. 

Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

The Deming Company, 
Ohio. 


Salem, 


R-5 


Dorr Co., 570 Lexington Ave., New 


York City. 
Edson Corp., 49 D St., South Bos- 


Salt Lake City, Utah. 
Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 
Luther & Wood, 1427 Eye St., 
N.W., Washington, D. C. 
Northrup & Co., Inc., og Church 
St., New York 7, N. 
Proportioneers, Inc., Py ” Codding 
St., Providence, R. I. 


Wallace & Tiernan Co., Inc., New- 
ark 1, N. J. 

Wilson Chemical Feeders, Inc., 
Buffalo, N. 


Yeomans Bros., 1423 N. Dayton 


St., Chicago 22, Ill 


DIESEL ENGINES ad 
(See Engines, Diesel) 


DIFFUSERS—PLATES & TUBES 
- + 2am Co., Perth Amboy, 


o Oe 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., ‘Philadelphia 40, Pa. 


DIGESTERS EQUIPMENT 
(Sludge) 
we on Well Works, Aurofa, 


Ralph B. Carter Co., 53 Park Pl., 
New York City. 

J. P. Devine Mfg. Co., Div. H. K. 
Porter Co., 49th and Harrison 
St., Pittsburgh, Pa. 
tr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., 
East Chicago, Ind. 

Infilco, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Nooter, John, Boiler Works Co., 
1410 S. 2nd St., St. Louis 4, Mo. 

Pacific Flush Tank O©o., 4241 Ra- 
venswood Ave., Chicago, Ill. 

Turbine Equipment Co., 75 West 
St., New York 6, N. Y. 

Yeomans Brothers Co., 1433 N. 
Dayton St., Chicago 22, Ill. 

DISTRIBUTORS (Filter) 
The American Well Works, Aurora, 


. Carter Co., 53 Park Pl., 


Chain Belt Co., 1610 w. Bruce 8t., 
Milwaukee 4. Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Everson Filter Service Co., 214 W. 
Huron S8t., Chicago, Ill. 
Graver Tank & Mfg. Co., 

East Chicago, Ind. 


Inc., 


Inc., 


Infileo, Inc., 325 W. 25th Pl, Chi- 
eago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 


Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, III. 

Permutit Co., 330 W 
New York 18, | = 4 

Turbine Equipment Co., 
St., New York 6, . 

Yeomans Brothers Co., 1433 N. 
Dayton St., Chicago 22, Ill. 

DRIVES, CHAIN 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4. Wis. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 3045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

DRIVES, RIGHT ANGLE GEAR 

Johnson Gear Co., Berkeley, Calif. 

Link-Belt Co., W. Hunting 
Park Ave., Philadelphia 40, Pa. 

DRY CHEMICAL FEEDERS 
(See Chemical Feeding Equipment) 
DRYERS, ROTARY 

J. P. Devine Mfg. Co., Div. H. K. 
Porter Co., 49th and Harrison 
St., Pittsburgh, Pa. 

The Eimco Corp., P. 0. Box 300, 
Salt Lake City, Utah. 

General American Process Equip- 
ment, 420 oe Ave., New 
York 17, N. 

Hersey Mfg. Co., E and First Sts., 
South Boston 31, Mass. 

Link-Belt Co., 300 W. 
Rd., Chicago 9, Ill. 

EJECTORS, PNEUMATIC OR 

STEAM (For Sewage and 

Sludge) 
Yeomans Bros. Co., 1423 N. Day- 

ton St., Chicago 22, Ill. 

ELECTRICALLY OPERATED 
GATE VALVES 


Pershing 


Chapman Valve Mfg. Co., 208 
Hampshire St., Indian Orchard, 
Mass. 


Eddy Valve Co., Waterford, N. Y. 
Rodney Hunt Machine Co., Orange, 
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Mass. 












R-6 


Hubbell Bldg., 
Teer, NK. F. 
Tenn. 

Me Me 


lowa Valve Co., 
Des Moines, Ia 

Ladlow Valve Mfg. Co., 

Mueller Co., Chattanooga, 

Rensselaer Valve Co., Troy, 

The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 

R. D. Wood Co., 400 Chestnut S8t., 
Philadelphia, Pa. 


ELEVATING AND 
EQUIPMENT 
(See Conveyors & Conveying Equip- 

ment) 

ENGINEER TRAINING 
Alexander Hamilton Institute, 71 

W. 23rd St., New York 10, N. Y. 

ENGINEERS AND CHEMISTS 

(See Directory of Consultants, 
pages 116-117) 

ENGLNEER’S REPRODUCTION 
SERVICE 
Lithoprint Co. of N. Y., 145 

son St., New York, N. Y¥ 

ENGINE GENERATOR UNITS 
Climax Engineering Co., Clinton, 

lowa, 

De Laval Steam 
Trenton, N. J. 
Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Ill 
Homelite Corp., Port Chester, N. Y. 
(Gasoline Engine Driven and 

Portable.) 

Northrop & Co., Ine., 50 Church 
St.. New York 7, N. Y. (Gasoline 
Driven Portable.) 

Turbine Equipment Co., 75 West 
St.. New York 6, N. Y. 

Worthington Pump & 
Corp., Harrison, N. J. 


ENGINES, DIESEL 

Climax Engineering Co., 
Iowa 

Cooper- Bessemer 
Vernon, Ohio. 

Fairbanks, Morse & Co., 00 S. 
Michigan Ave.. Chicago 5, Il. 

Schramm, Inc., West Chester, Pa 

Worthington Pump & Machy. 
Corp., Harrison, N. J. 

ENGINES (Gas & Gasoline) 

Buffalo Gasolene Motor Co:, 
falo 153, N 7 

Climax Engineering Co., 
Iowa 

Cooper-Bessemer 
Vernon, Ohio 

Fairbanks, Morse & Co., 600 S&S. 
Michigan Ave., Chicago 5, Tl. 

Le Roi Co., 1706 8S. 68th St., Mil- 
waukee 14, Wis. 

Worthington Pump & 
Corp., Harrison, N. J 

ENGINES, SLUDGE GAS 

Cooper-Bessemer Corp., 
Vernon, Ohio 

Climax Engineering Co., 
Iowa. 

Worthington Pump & 
Corp., Harrison, N. J. 

EXPANSION JOINTS—PIPE 
(See Joints— Expansion, Pipe) 

EXHAUSTERS, AIR 
(See Vacuum Pump) 

FANS, EXHAUST AND 
VENTILATING 
Jeffrey Mfg. Co., 

4th St., Columbus 16, Ohio. 

Lakeside Engineering Corp., 

’, Adams St., Chicago, Ill 

Safety Appliances Co., 

. Thomas and Meade 
Pittsburgh, Pa 

FEED, CHEMICAL 
(See Chemical Feeding Equipment.) 

FEED WATER FILTERS 
Chemical Equipment Co., P oO. 

Box 3098, Terminal Annex, Los 
Angeles 12, Calif 

Everson Filter Service Co., 
Huron 8t., Chicago, Ill 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th P., 
eago,. Ill. 

lakeside Engrg. Corp.. 222 W. 
Adams St., Chicago, Il 

Leopold Co., Ine 

d Pittsburgh, Pa. 

Permutit Co.. 330 W 
New York 18, N. ¥ 

Roberts Filter Mfg 


CONVEYING 


Hud 


Turbine Co., 


Machy. 


Clinton, 


Corp., Mount 


Buf 
Clinton, 


Corp., Mount 


Machy. 


Mount 
Clinton, 


Machy. 


The, 968-99 N. 


999 
ace 


Brad- 
Sts., 


214 W. 
Chi- 


$22 First 
i2nd St., 
Darby, 


Valve Mfg 
5 Troy, N. Y. 
Turbine Equipment Co.. 
St., New York 6, N. Y 
Worthington Pump & Machinery 
Corp., Harrison, N. J 
FRED WATER HEATERS 
Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind 
Infileo, Inc., 325 W. 
eago, Ill. 
Permutit Co., 330 W. 
New York i8, = 
Turbine Equipment Co., 75 
St.. New York 6, N. Y. 


Co., P. O. Box 


75 West 


25th Pl... Chi 
42nd St., 


West 





Worthington 
Harrison, N. J 

FEED WATER TREATMENT 
Feed 


Corp., 


(See 
ment.) 


Boiler 


Pump & 


Maehy. 


Water Treat- 


FERRIC CHLORIDE 
Chem-Feeds, 


Ave., 
Diamond 
Pa. 


Providence, 


Inc., 


Alkali 


Co., 


Dow Chemical Co., 
Everson Mfg. Co., 


St., Chicago, 


General 


Hooker 


Chemical 
St.. New York 
Great Western Division, Dow Chem- 
ical Co., 
Francisco, 


Electrochemical Co., 
and Ward St., 


falo Ave. 
J, 2 


Falls, 
Innis, 


New 
Salt 


(Liquid. ) 


Wallace & Tiernan Co., Inc., 


ark, 


Calif 


Speiden & 
York City. 


Ill. 


310 Sansome St., 


Mfg. 
Philadelphia 7. Pa. 


‘o., 117 


77 Reservoir 
R. I. 
Pittsburgh, 


Midland, Mich. 
214 W. Huron 


Co., 40 Rector 


City. 
San 


Buf- 
Niagara 


Liberty 


Co., Widener 


New- 


FERRIC CHLORIDE FEEDERS 
Equipment Co., P. O. 


Chemical 
Box 
Angele 


3008, 
12, 
Everson Mfg. 


8 


Terminal 
Calif. 
Co., 


St., Chicago, I. 


Graver 
East 
Infilco, 


cago, Ill. 


Luther 
= 


& Wood, 


Annex, Los 


214 W. Huron 


Tank & Mfg. Co., Ince., 
Chicago, 
Inc., 325 W. 


Ind. 


25th Pl., Chi- 


1427 Eye &t., 


Washington, D. C. 


Omega Machine C 
ding St. 


Permutit 


Co.. 


New York City. 


Phipps & Bird, Inc., 


Richmond, 


Proportioneers, 
St., Providence, 
Filter 


Roberts 


Pa. 
Wallace 
ark, 


Wilson Cc hemical Feeders, Inc., 
Y 


Clinton 


Mo. 
Monsanto 


Div., Boston, 
Salomon & 
York City. 


L. A. 


& 


St., 


Va. 


o., Ine., 9 
Prov idence 1, 
330 


Inc., 9 
I 
Mfg. Co., 


Tiernan Co., Inc., 


Cod- 
2 

W. 42nd St., 
Sixth & Byrd, 
Codding 
R. 

Darby, 
New- 


204 


Buffalo, N. 
FERRIC SULFATE 
Monsanto Chemical 


Chemical 


St., New 


Tennessee Corp., 
Atlanta, 


Ga 


621 


Co., St. Louis, 


Co. Merrimac 


Mass 


Bro. 216 Pearl 


Grant Bldg., 


FERROUS SULPHATE 
Chemical 
w York City. 


General 
St., Ne 
Innis, 


St.. New 


E. M. 


Co.. Ine., 
a 2 


FIBRE 


(See Pipe 


PIPE 
, F 


Dey 


ibre) 


FILTER-AIDS 
e Eqpt. 


Anthracit 
Ave., 


Johns- Manville, 23 


New Y 
L. A. 


ork 


City. 


St.. New York 


Simplex Valve 

& Upland 8Sts., 
Brumley 
St., 


Stuart 
Charles 


FILTER ALUM 


Activated 


Alum Corp., 


Baltimore, 
Chemical 


General 


St., New York . 
Monsanto Chemical Co., St. 


Mo. 
Monsanto 


Div., Boston, 


Md. 


Co., 40 


Speiden & Co., 
York 
Sergeant 


Pulp & 


Cc 


9 


Salomon & Bro., 
City. 
& Meter Co., 
Philadelphia, Pa. 
Corp., 

Baltimore 1, 


Chemical 


Penn Salt Mfg. Co., 
PhiladeJphia 7, 


E. M. 


Co.. Ine., 


Sergeant 


Vy Me Be 


Stuart 
Charles 


Roberts 
Pa. 

Stuart 
Charles 


St., 


folk, Va. 
FILTERING EQUIPMENT 


The 
I 


Dey 


Brumley 
8t., 


FILTER CLEANING 
Filter 


Baltimore 1, 


Brumley 
Baltimore 1, 
Virginia Smelting Co., 


P 
Pulp & 


( 


Mfg. Co., 
Cc 


American Well Works, 


Builders-Providence, 
St., Providence, 


Ralph B. 
New 
Chain 


R. 


Carter Co., 


Belt Co., 


Milwaukee 
Equipment Co., P. O. 


Chemical 
Box 304 
Angeles 


8, 


12, 
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York City. 
1610 W. 


Vis 


4. 


Terminal 


Calif. 


Co.. 40 
6, Y 


Rector 
117 Liberty 
‘ity. 

Chemical 


St.. New York 


orp., 101 Park 


New York City. 


E. 40th St., 
(Celite.) 
216 Pearl 
68th 


516 = ON. 
Md 


Curtis Bay, 


Rector 
N. 
Louis, 


Co., Merrimac 


Mass. 


Widener Bldg., 
a. 
Chemical 


St., New York 


‘orp., 516 N. 


Md. 


PROCESS 
Darby, 


516 N. 
Md 
West Nor- 


orp., 


Aurora, 
Inc., 9 Codding 
I. 
53 Park P1., 


Bruce St., 


Annex, Los 








R. D. 
The Eimco Corp., P. O. 
Salt Lake City, Utah. 
Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 
Pacitic Flush-Tank Co., 4241 
Ravenswood Ave., Chicago 3, Ill. 
General American Process Equip- 
ment, 420 Lexington Ave., New 
York 17, N. 3 
Graver Tank & Mfg. Co., 
East Chicago. Ind. 
25th Pl., 


Infileo, Inc., 325 W. 
cago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, II. 

F. B. Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa. 

Luther & Wood, 1427 Eye St., 
N.W.. Washington, D. C. 

C. T. McFarland Co., 523 Dwight 
Bldg., Kansas City, Mo. 
Oliver United Filter, Inc., 
York City. 
Permutit Co., 330 W. 
New York 18, N. ° 
Pittsburgh-Des Moines 

Pittsburgh, Pa. 
Proportioneers, Inc., 
St., Providence, R. I. 
Roberts Filter Mfg. Co., 
Pa. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
P 


Box 300, 


Chi- 





New 
42nd St., 
Steel Co., 
9 Codding 


Darby, 


516) ON. 
Md. 
West 


Stuart Brumley Corp., 
Charles St., Baltimore 1, 

Turbine Equipment Co., 75 
St., New York 6, N. Y. 

Worthington Pump & Machinery 
Corp., Harrison, N. J. 


FILTER GRAVEL 
(See Gravel, Filter) 
| FILTER PLATES AND TUBES 
Carborundum Co., Perth Amboy, 
N. 
Chicago Pump Co., 2336 Wolfram 
St., Chicago, Il. 
FILTER RATE CONTROLLERS 
& GAGES 
(See Rate Controliers.) 
| FILTER SAND 
Chemical Equipment Co., P. 0. 
Box 3008, Terminal Annex, Los 
Angeles 12, Calif. 
Everson Mfg. Co., 214 W. Huron 
St.. Chicago, Il. 
Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind. 
Infileo, Inc., 325 W. 
eago, Ill. 
Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 
F. B. Leopold Co., 422 First Ave., 
Pittsburgh, Pa. 
C. T. MeFarland Co., 
Bldg., Kansas City. 
Permutit Co., 330 W. 
New York 18, N. Y. 
Roberts Filter Mfg. Co., 
Pa 
Stuart Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 
Tamms Silica Co., 228-WS N. La 
Salle St., Chicago, II. 
Turbine Equipment Co., 75 West 
St., New York 6, N. Y. 

Zeolite Chemical Co.. 140 Cedar 
St., New York 6, N,. 
FILTER UNDERDRAINS, 

SEWAGE 
oe Well Works, 
l 


25th Pl., Chi- 


528 Dwight 
Mo. 
42nd 8t., 


Darby, 


Aurora, 


Chemical Equipment Co., P. 0. 
Box 30908, Terminal Annex, Los 
Angeles 12, Calif. 

Infileo, Ine., 325 W. 
eago 16, Ill. 

Nat'l Clay Pipe Mfrs., Inc., 111 
W. Washington St., Chicago, IIl. 


FILTER UNDERDRAINS, 
WATER 
Carborundum Co., 

i oe 


25th Pl., Chi- 


Niagara Falls, 


Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, II. 
Chemical Equipment Co., P. 0. 
Box 3008, Terminal Annex. Los 
Angeles 12, Calif. 
Everson Filter Service Co., 
Huron St., Chicago, Ill. 
Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 
Infileo, Inc., 325 W. 25th PI., 
Corp., 222 W. 


eago, Ml. 

Lakeside Engrg. 
Adams St., Chicago, Ill. 

F. B. Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa. 

C. T. MeFarland Co., 523 Dwight 
Bldg., Kansas City, Mo. 

Nat'l Clay Pipe Mfrs., Ine., 111 
W. Washington St., Chicago, Il. 

Permutit Co., 330 W. 42nd St.. 
New York 18, N. Y. 

Roberts Filter Mfg. Co., 
Pa. 

Turbine Equipment Co., 75 West 
St., New York 6, N. Y. 


214 W. 


Chi- 


Darby, 


Cole Mfg. Co., Newnan, Ga. 


Inc., 





FILTER WASH CONTROL 


Builders-Providence, Inc., 9 
ding St., 


The 
Sa 

Ever 
Hu 


Grav 


Ea 
Infilc 


Providence, i 4 Cod. 


Eimco Corp., P. O. Box ;: 
It Lake City, Utah. —— 
son Filter Service Co., 

iron St., Chicago, Il. mew, 
er Tank & Mfg. Co. 
st Chicago, Ind. 7 
0, Inc., 325 W. 


Ine. 


25th Pl. Ohi. 


eago, Ill 


Luth 
N. 


Permutit Co., 
York N. 


Simy 
an 
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Carverusdem Co., Niagara Falls, Builders-Providence, Inc., 9 Cod- . > . 

. xo ding St., Providence, i. I. sais a + Gas i a ee ae et. 
palph B. Carter Co., 53 Park PIL., Everson Mfg. Co., 214 W. Huron ‘a h a New York 18, N. ¥. 

New York City. i St., Chicago, IIL. , GAS PURIFICATION Roberts Filter Mfg. Co., Darby, 
Chain Belt Co., Milwaukee, Wis. Fischer & Porter Co., Hatboro, Pa Connelly Iron Sponge and Governor mR 

hicago Pump Co., 2349 Wolfram Hagan Corp., Hag E Pitts. Co., 3154 S. California Ave., Chi- Turbine Equipment Co., 75 West 

, “st, Chicago, Ill. — ee) le ile St.. New York 6, N. Y. 
porr Co., 570 Lexington Ave., New |  Infileo, Inc., 495 W. 25 . 43. | Stacey Bros. Gas Construction Co., Zeolite Chemical Co., 140 Cedar 
York City cago, Ill + Sas Pt, Ce 5535 Vine St Cincinnati 16 St., New York 6, N. Y¥ 
ork w. "ago, ' . . > pt., icinnati >. . See 8 » 

Graver Tank & Mfg. Co., Ine., | Luther & Wooed, 1427 ye st. | 110. GREEN SAND (Zeolite) 

a comeee, Be. ne oo. | nek | GAS REGULATORS Chemical Equipment Co., P. 0. Box 
—. a 325 . 25th .. Chi Permutit . 7 = w. 12nd St., | (Pressure & Flow) = bee = Annex, Los An 

cago, _ . . e or ity (See Regulators—Water & Gas geles 12, Calif. 

: Jeffrey Mie —g a ~—— — rts Filter Mfg. Co., Darby, | commen ROLLER = Graver Tank & Mfg. Co., Ine., 

Lakeside Engrg. Corp., 222 ; >a. . 7 — opel . ’ East Chicago, Ind. § 

, Adams St., Chicago, I) Simplex Valve & Meter Co., 68th — Rg e¢ ney, Machine Co., Infileo, Inc., 325 W. 25th Pl, Chi- 
F. B. Leopold Co., 422 First Ave., & Upland Sts., Philadelphia, Pa eg aa eago, Ill, ; 

t Pittsburgh, Pa. ; S$. Morgan Smith Co., York, Pa. GATES, SHEAR Lakeside Engineering Corp., 222 
Link-Belt Co., *eaitehs mf — FLUMES, IRON & STEEI ——— Valve Mfg. Co., 2038 W. Adams S8t., Chicago, Ill. 

Park Ave., rilade a. a. ae wwe eESS. ampshire St., Indi Ore »e 3: rt 4s 
Luther & ——— 142 Eye St. ee ee,  Feeeusts Assn., | my t ndian Orchard, te WT 330 W. 42nd St., 

N.W., Washington, D. Cc nancy sed “ots A | Eddy Valve Co., Waterford, N. Y. Robert Filte: Mfg. © arby 

. o. 2%. McFarland _Co., 523 Dwight eee dates > a Company, Rodney Hunt Machine Co.. Pa. 5 ee Ey. Oe.. Dewy. 

Bldg Me erm a ae — , dg., Chicago, | . Sonne. Mass. Turbine Equipment Co., 75 West 

t Omega Machine Co., Ine., 9% Cod- > Cole ‘— mes . owa alve Co., Hubbell Bldg., St., New York 6, N. Y. 

ding St., Providence 1, R. I | hg he | a ae Ga. Des Moines, Iowa. Zeolite Chemical Co. 140 Cedar 

Permatit Co = % Ww. 42nd St., East Chicago, Ind Ss. Co.. me, —2 Valve Mfg. Co., Troy, New York 6, . ¥ 
4 New York 18, N —. , ~— . | m. ¥. . ee 
| Proportioneers, Inc., - Codding St. Rodney Hunt Machine Co., Orange, | M & H Valve & Fittings Co., GRINDERS. SCREENINGS 

Providence, R. I. RR Jol Boi Anniston, Ala — —" Carter Co., 53 Park Pl., 

berts Filter Mfg. Co , Nooter, John, Boiler Works Co., Mueller Co., Cha Te New York City 
— Co., Darby, ‘1410'S. 2nd’ St., St. Louis 4, Mo. | heh yo Bag Y Chain Belt Co.. 1610 W. Bruce St., 
Stuart Brumley Corp., 516 N. Pittsburgh-Des Moines Steel Co., Vogt Brothers Mfg. Co. 4 Louis- Milwaukee 4, Wis. . 

Charles St.. Baltimore,. Md. - Pittsburgh. Pa. | ville, Ky. , ooo Dorr Co., 570 Lexington Ave., New 
Turbine Equipment Co., 75 West OOT VALVE WITH STRAINER R. D. Wood Co., 400 Chestnut St . York City. 

St.. New York 6, N. Y. Eddy Valve Co., Waterford, N. Y. Philadelphia, Pa sens Gruendler Crusher & Pulverizer Co., 
Vogt Mfg. Co., Louisville, Ky. — Corp., 49 D St., So. Boston, | Gi ATES, SLUICE — N. Market St., St. Louis, 
Wallace & Tiernan Co., Inc., New- ogee : |} Armco Drainage Products Assn. oe ; 

om? M. 2. . ~~ a Co., Hubbell Bldg., | Middletown, Ohio. = ¥ me — — Co., Columbus, Ohio. 
Wilson Chemical Feeders, Inc., I ilo Moines, lowa. ; tS | Chapman Valve Mfg. Co., 203 ‘Harri orter Co., Inc., 49th and 

Buffalo, N. Y. — x Valve Mfg. Co., Troy, | Hampshire St., Indian Orchard, Harrison Sts., Pittsburgh, Pa. 
Yeomans Bros. Co., 1423 N. Day- Mu ‘lle . Cc . , Mass. GRIT CHAMBER EQL IPMENT 

ton St., Chicago 22, lll. ae er Co., Chattanooga, Tenn. | Rodney Hunt Machine Co., Orange The American Well Works, Aurora, 

FLOOR STANDS —- & Co., Inc., 50 Chureh | Mass. , ' Ill. 

American C r & Fdy. Co 30 R : Fag vane 7, N. ¥. — | Towa Valve Co., Hubbell Bildg., Chain Belt Co., 1610 W. Bruce 
Church &t.. New York 8. Y ee — — Co., Troy, N. Y. Des Moines, lowa. St., _ Milwaukee 4, Wis. : 
Eddy Valve Co., Waterford, N. Y. Main St. Loubvilie 3 ony W. | Lediew Valve Mig. Co. ‘Trey, Devore City. age cpa 

Rodney Machine C ange lanl Go... i et at x... 

oaeey Hunt Machine Co., Orange, Be ge ag Chestnut St., | we weed Co. yee. Tenn. — qian & Co., Ince., 

fileo, Inc., 325 W. 25 > ‘hi > > agg SO ehsselaer Valve Co., Troy, Y. Sast Chicago, Ind. 

— 2 nn os 2th Pl., Chi- UIrMaENT S. Morgan Smith Co., York, Pa. Infileo, wes-e 325 W. 25th Pl., Chi- 

a Cain ae ; 4 ME! age ; GATE VALVE > ER Ss eago, Ill. 

I = ae ~~ Hubbell Bldg., Williams Form Engineering Corp., - al Sees ~Ahaony ——— N . Jeffrey Mfg. Co., Columbus, Ohio. 
a > Box 925 Madison Square Station =~ alve Co., Troy, N. ¥. Lakeside Engineering Corp., 222 

The Kennedy Valve Mfg. Co ~ ' | GATE V re & g D., 

Elmira, N. Y. — oe Grand Rapids 7, Mich. ieee Sandia W. Adams St., Chicago, Ill. 

F. B. Leopold Co., 422 First Ave., | FORMS & GASKETS FOR ee lone Link-Belt Co., 2005 SN. Banas 

Pittsburgh, Pa. | PIPE JOINTS GAUGES (Liquid Level, Pressure Park Ave., Philadelphia 40, Pa. 
a ag Valve Mfg. Co., Troy en a 2 EB. 40th 5t., yew say A ( I Cynerans CONUS ae 

N. Y. =i New York City. é can Meter Co., 60 E, 42nd Cement Gun Co., P. O. Box 424, 
M & H Valve & Fittings Co., An- L. A. Weston, Adams, Mass. St., New York City. Allentown, Pa. ' 

niston, Ala. FURNACES, MELTING, POUR- Bailey Meter Co., 1072 Ivanhoe | HOSE, STEAM, AIR, WATER 
Mueller ‘Co., Chattanooga, Tenn. ING LADLES, POTS,’ ETC. mR Ry =i 
Merco Nordstrom Valve Co., Lex- Atlas Mineral Products Co., Mertz- io a rovidence, Ene, 9 Cod- American Brass Co., Waterbury, 

ington Ave., Pittsburgh, Pa. town, Pa. as ee oe Conn. 
»sselae Talw . :' = s overs } y 9 , 
Bonteainee Vales Co. Troy, N. Y. Hydraulic Development Corp., 50 oe Oblenne Orit a oe a oe Brass Co., Bridgeport 
>A. P. Su J ; 545 N 0 vew Y ‘ity a . - 
v Arlington Ave.. E. ‘Susnae. ¥. senter Cn.. Beemer, Ti ox “cae Tt.” a ee, Edson “Corp. 49 D St., So. Boston 
ost Brothers Mf. Neville. N 4 _ "ok wf : cago, x 7 e ‘ ; 
3 g. Co., Louisville, ey os a 7 Chureh Luther’ & Wood, 1427 Eye St. eee Ox. Qatun: 
R, S. Wood Co., Philadelphia, Pa, | GARBAGE GRINDERS _ wallets & Ger be _ } Northrop & Co., Inc., 50 Church 
FLOW METERS Chain Belt Co., 1610 W. Brace | “Se New Yok fw. © (moe St., New York 7, N.Y 
American Mater Co., 60 E. 42nd e nee spudsiee 4, Wis. sure). » N. Y. (Pres- Schramm, Tne, West, Chester, Pa. 
Baile; Met _ City. ,- yy * > Pacific Flush-Tank Co., 4241 Ra- “City, Indiana. " aus 
iley Meter Co., 1072 Ivanhoe Rd., Pos age ee : venswood Ave., Chicago 3, Ill. as : 
a Ohio. ‘Di N i = ee Simplex Valve & Meter Co., 68th HYDRANT PUMPS 
uilders-E rovidence, Ine. 9 Cod- Mo - 3 St., St. uis, m.. Saas Sts., Philadelphia, Pa. (See Pumps, Hydrant) 
gs St., Providence, R. I. : 7 . , ecovery Systems Co., 2820 , —. «ar 
luther & Wood, 1427 Eye St. yay Boy: Cn, Seen, Ohio. Alameda St., Compton, ‘Calif. HYDRANTS (Fire) 

N.W., Washington. D. 6. — ’ Co., 2045 V. Hunting Waltune & Tiernan Co., Inc., New- The Chapman Valve Mfg. Co., In- 
Graver Tank & Mfg. Co., Inc. eas = ann Philadelphia, Pa. ark, N. J. dian Orchard, Mass. 

last Chicago. tad ’ 1AS DIFFUSERS GEARS. SPEED REDUC Eddy Valve Co., Waterford, N. Y. 
omy & : m. Jee. 5 Church ve‘ weenenone Well Works, Aurora, De Laval Steam Turbine 7? ~ —, °” Hubbell  Bidg., 
' ork 7, N. | . ton, N. J. ; Seen tiie . T 
——, > ‘sa . W. 42nd St.. see Co., Perth Amboy, The , Earie Gear & Machine Co. Ludlow Valve Mfg. Co., Troy, 
en a Re shies Chicago Pump Co., 2336 Wolfram ee Ave., Philadelphia M & R. Valve & Fittings Co., 
Connersville, Ind. ” St., Chicago, Il. J or ae . Anniston, Ala. 

Simplex Valve & Meter Co.. Phila- Dorr Co., 570 Lexington Ave., New ee be wae a Mueller Co., Decatur, Ill. 

re 4 + - é hag * ’ 4 ” T) . Hunting anemia ig sl We, :y 
lelphia, Pa. York City. Park Ave., Philadelphia, Pa. Rensselaer Valve Co. Troy, Ne ¥- 

7 Spa ing OTe : Jog , ) Jevilla ro é * "he > 3 m4 « > 
R. W. Sparling, Box 3277 Terminal Vest Mfg. Co., Louisville, Ky. Lombard Governor Corp., Ashland, The A. P. Smith Mfg. Co., 545 N. 
Annex, Los Angeles, Calif. GAS ENGINES Mass. _ Arlington Ave., E. Orange, N. J. 
mew nereasens (See Engines, Gas & Gasoline) Turbine Equipment Co., 75 West “ Brothers Mfg. Co., Louisville, 
American Meter Co.. 60 E. 42nq | GAS HOLDERS ow York 6 N.Y. R. D. Wood Co., 400 Chestnut 8t 

St., New York City. ae | Chicago Bridge & Iron Company, wee & Machy. Corp., Philadelphia, Pa. ' ‘ 
Bailey a os 1072 Ivanhoe Rd., | — a! McCormick Bidg., Chicago, GENERATOR SETS, GAS & HYDRAULICAL L ¥Y OPERATED 

eveland, Ohio. | : DIE y 
F. S. Brainard & Co., 246 Palm St R. D. Cole Mfg. Co., Newnan, Ga. DIESEL ENGINES GATE VALVES 
Hartford, Conn. " Graver Tank & Mfg. Co., Ine., (See Engine Generating Sets) Chapman Valve Mfg. Co., 208 
Builders-Providence, Inc.. 9 Cod- East Chicago, Ind. GOOSENECKS Hampshire St., Indian Orchard, 
ding St., Providence, R. I. Pittsburgh-Des Moines Steel Co., Grinnell Co., Inc., 260 W. Ex- Mass. , 
Infileo, Inc., 325 W. 23th Pl.. Chi- Pittsburgh, Pa. change St., Providence, R. I. Eddy Valve Co., Waterford, N. Y. 
cago. Til. The Stacey Bros. Gas Construction Hays Mfg. Co., Erie, Pa. Rodney Hunt Machine Co., Orange, 
Luther & Wood, 1427 Eye St. Co., 5535 Vine St., Cincinnati Mueller Co., Decatur, Il. Mass. 
mS Washington, D. C. 16, Ohio. —. & Co., Inc., 50 Church — Fra Co., Hubbell Bildg., 
Northrop & Co., Ine., 50 Cl ° - New ork 7, N. , 8 »s Moines, Ia, 

St., New York 7, N’ ¥.* ure | ¢ Aas eon DER INSPECTION The A. P. Smith Mfg. Co., 545 N. Ludlow Valve Mfg. Co., Troy, N. Y. 
Permutit Co., 330 W. 42nd St., | 7 ICE Arlington Ave., E. Orange, N. J M & H Valve & Fittings Co., 
an tae . 42 St., | Stacey Bros. Gas Construction Co., | GRAVEL. FILTE a‘ l. Anniston, Ala. 

Simeon Valve dt Meter Ce.. Phite- | poo Vine St., Cincinnati 16, Chemicat 1 nt ell Co P. Oo — Co., Chattanooga, Tenn. 
jelphi 4 "’ | __ Ohio. » = 1 ; ty : : ensselaer Valve Co., Troy, N. ze 
R. W. Sparling Box 3277 Terminal | “DeTKCTORS —_ mano) ee P. Smith Mtg, Go. 545 N, 
Annex, gone Tog . JETECTORS os oy - . Arlington Ave., E. Oran N. J. 
; , Los Angeles, Calif. Mine Safety Appliances Co., Brad- ee > 214 W. Huron Vogt Brothers Site. Co., Louisville, 
FLOW REGULATORS dock, Thomas and Meade Sts., Ouse. tea” 1. : Ky. 
American Meter Co., 60 E. 42nd | Pittsburgh, Pa. Bast Chiceg © ses. On, tne.. R. D. Wood Co., 400 Chestnut 

St., New York City. | pacifie Flush Tank Co., 4241 | janice Tac 525 Wr 25th PL. Chi St., Philadelphia, Pa. 

Automatic Control Div., Climax | Ravenswood Ave., Chicago, Ill. cago, Il. ee a Oe | rr EQUIPMENT 

Industries, 1949 S. Wester y Ss i 
Chicane oo. estern Ave., | | Gas a ~ yan rend ont ow Lamesise Engineering Corp., 222 (See pH Test Equipment.) 

. — 2 e Safety Appliances Co., Bra ’. Adams St., Chie : lo ‘f 
Bailey Meter Co., 1072 Ivanhoe dock, Thomas and Meade Sts., Cc. T. McF i _.. HYPO-CHLOBINATORS 
Rd.. Cleveland, Ot ~ - arland Co., 523 Dwight Chem-Feeds-Inc., 77 Reservoir Ave 
* eland, Ohio. | Pittsburgh, Pa. Bldg., Kansas City, Mo. Providence, R ‘ 
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Chemical Equipment Co., P. 0. Central Foundry Co., 386 Fourth Peer! P ivisi : 

son ated eta ined” 125 | Onatett weary, Gp 96 Fourth | Pease Fosep. BOL W Avenue 28, | ant “annes, ioe anges Sit 

Angeles 12, Calif. Clow & Sons, James B., 201 N. Los Angeles 31, Calif : Worthington - Gam — calit, Dres 
Everson Filter Service Co., 214 W. Talman Ave., Chicago, Ill. Pittsburgh Equitable Meter Co., 400 Newark, N. J. Meter Co, Pa 
— eosn te = : | nay —_ Div., Bradford, Pa. Lexington Ave., Pittsburgh “Pa. M ” Sac P - 

Mfg. Co., Inc., osam Mfg. Co., 1783 East 11th s ETER WASHERS ch 

East Chicago, Ind. St., Cleveland, Ohio. METER COUPLINGS & YOKES Mabbs Hyd > Hay: 
Infileo, Inc., 325 W. 25th Pl., Chi- Lock’ Joint Pipe Co. P. 0. Box American Meter Oo., 60 E. 42nd 8s. ph. 4 oe Co., 431 Muel 

eago, Ill. 269, East Orange, N. J. St., New York City. Meago, Ih, Mi 
Lakeside Engineering Corp., 222 | Nat'l Clay Pipe Mfrs., Inc., 111 Badger Meter Mfg. Co., Milwau- | MILI. SUPPLIES Mue! 
, W. Adams St., Chicago, Ill. W. Washington St., Chicago, Ill. kee, Wis. Tucker Co., Inc., The, 75 Murra Kort 

anther “washionk = ave St. vu. 6. Pipe, & Foundry Co., Bur- Ford Meter Box Co., Wabash, Ind. St., New York, N. Y. ’ st 

NN. Wey on, D. C. ngton, N. J. Hays Mfg. Co., Erie, Pa. MIXERS, CHEMICAL : 
ag Service Co., 532 Dwight Warren Foundry & Pipe Co., 11 Hersey Mfg. Co., E and First Sts., The American Well Works, Ay "Ss 
Oue oo, anene City, Mo. Broadway, New York City South Boston 21, Mass, Ill. > M 

ate peee Co., Inc., 9 Codding R. D. Wood Co., 400 Chestnut St., Mueller Co., Decatur, Ill. Carborundum Co., Perth Ambo: 

Pome Oe - 330 W, >. I, ; Philadelphia, Pa. Neptune Meter Co., 50 West 50th N. J. y, NOZZ 

York 18. N. nd St., New JOINTS, MECHANICAL _St., New York City. Ralph B. Carter Co., 53 Pay Bail 
Phipps & ‘Bird. _ 915 B.C FLEXIBLE Northrop & Co., Inc., 50 Church Place, New York City. Re 

St., Richmond, Va. acted American Cast Iron Pipe Co., Bir- St., New York 7, N. Y. Chain Belt Co., 1610 W. Bruce gt., Buil 
Proportioneers, Inc., 9 Codding 8t.. mingham, Ala. ° Peerless rye Biveten, Food Ma- Milwaukee 4: Wis. . 

Providence, R. I. Automatic Control Div., Climax In- chinery Corp., 301 W. Avenue Chemical uipment Co., P. Lin 
Wallace & Tiernan Co., Newark 1 dustries, 1949 S. Western Ave., m1 a ——, . — 00 _ 2 — Annex, ‘ a. 

‘ Chicago, Ill. sburgh Equitable Meter Co., ngele ali im 

Wilson Chemical Feeders, Inc., 204 | Carson-Cadillac Corp.,  Birming caamague Sve, Pauses, Fe. a oy —_ - 
~~ hE Central Foundry Co., 386 Fourth | METERS. Gas Dorr” Co., 570 Lexington Ay <= 
HYPOCHLORITES (High Test) ee ee tie our American Meter Co., 60 BE. 42nd New York City m., - 
(See Calcium Hypochlorite) Chicago Pump Co 2349 Wolfram St., New York City. Everson Filter Service Co 214 W. si 
— ie St., Chicago, Ill. o— }— wae : eee Ivanhoe Huron St., Chicago, 1.’ ’ cha 
orr Co., Inc., 570 Lexington J , 7 Rd., Cleveland, 0. G 1A i P ra’ 

New York City ngton Ave., 3 yg aes N. Builders-Providence, Inc., °. Cod- eee a Loninaten Ane. > Gon 
Morse Boulger Restructer Co., 205 Dresser Mfg. Div., Bradford, Pa. ding St., Providence. R. York 17, N. Y. cae Infil 

EB. 42nd St., New York City. Hays Mfg. Co., Erie, Pa. Luther & Wood, 1427 ye St. | Graver Tank & Mfg. Co., Ine ca 
Nichols Engr. & Research Corp., | Lock Joint Pipe Co., P. 0. Box N.W., Washington, D. C. East Chicago, Ind. * Lak 

= Wall Tower, New York 269, East Orange, N.J. : Pittsburgh Equitable Meter Co., 400 Gruendler Crusher & Pulverizer Co. ar 

ty. Peerless Pump Division, Food Ma- Lexington Ave., Pittsburgh, Pa. 2915 N. Market St., St. Louis, Lin! 
Pittsburgh-Des Moines Steel (Co., chinery Corp., 301 W. Avenue Roots-Connersville Blower Corp., Mo. ; ?P 
Pittsburgh, Pa. 26, Los Angeles 31, Calif. _ Connersville, Ind. Infileo, Inc., 325 W. 25th Pl, Chi- Mue 
INDICATOR POSTS Pittsburgh Equitable Meter Co., 400 | Simplex Valve & Meter Co., 68th cago, Ill. y 
Eddy Valve Co., Waterford, N. Y, Lexington Ave., Pittsburgh, Pa. & Upland Sts., Philadelphia, Pa. Jeffrey Mfg. Co., Columbus, Ohio. Pac 
Grinnell Co., Inc., 260 W. Ex. U. 8. “ve & Foundry Co., Burling- | METERS, PITOT Lakeside Engrg. Corp., 222 wW. R 
change St., Providence, A ton J. Luther & Wood, 1427 Eye St. Adams 8St., Chicago, II. Yeo 
—. Rodney, Machine Co., Orange, Vietaulie Co. of America, 30 Rock- N.W., Washington, D. C. F. B. Leopold Co., 422 First Ave., Sy 

ass. efeller Plaza, New York, N. Y. Pitometer Co., 50 Church St., New Pittsburgh, Pa. 
«~ Valve Co., Hubbell Bldg., Warren Foundry & Pipe Corp., 11 York City. Link-Belt Co., 2045 W. Hunting ono! 
The * oa .* Mf hg } eft ay | bh... & st Simplex Valve & Meter Co., 68th Park Ave., Philadelphia 40, Pa, = 

4 ve &. Co., a nestgut St., & Upland Sts., Philadelphia, Pa. Luther & Wood, 1427 r St. 

Elmira, N. Y. Philadelphia, Pa. : : j i y 
Ladiow Vaive ite. Co., Tie 7 e METER TESTING EQUIPMENT N.W.. Washington, D. Dar 
M & H Valve & esses, my JUTE, BRAIDED AND TWISTED American Meter Co., 60 E. 42nd C. T. McFarland Co., 5238 “Dwight y 

Analetes, Ale gs Co., | Atlas Mineral Prod. Co., Mertztown, St., New York City. nite, Bansne Oey. a oan Ind 
Mueller Co., Chattanooga, T Pa. Badger Meter Mfg. Co., Milwau- Omega Mach. Co., Inc., 9 Coding v 
Rensselaer Valve Co. Troy. ™’ ¥ Hydraulic Development Corp., 50 kee, Wis. St., Providence 1. R. I. ' P 
The A. P. Smith Mfe. -— 545 N Church 8St., New York City. Ford Meter Box Co., Wabash, Ind. Permutit Co, a Vw. ant & L. 

Arlington Ave., B. Orance. N. J: Jebne Manville, 22 E. 40th St., New Horsey. Mfs. Co.. E and First Sts., H a“ | now Sy ae 1922 01 s 

B y. Sout ‘ * % ‘ 4 +? . oa oa S 
. _—_—a pits. Co., 1402 W. | Northrup & Co.. Ine 50 Church National Meter Division of Pitts. on. "tiie te te. tome “ 
R. D. Wood Co., 400 Chest St., New Yor N. ¥. burgh Equitable Meter Co., 4259 4 ee 
t St., > OPE 
Philadelphia, Pa. = i First Ave., Brooklyn, N. ¥. nr ~_ fw 
INDICATORS, LAnGe piax, | “Chemuahispecaitien Con gs aive- | Nee Meier, 60 W. som | Eero GN e, 

LUI y 49 o» 5 or e. : 

Bai} 1 ATED rado Road, Berkeley, Calif. Northrop & Co., Inc., 50 Church Vogt Mfg. Co., Louisville, Ky. F. 

Ra, Pen So. 1072 Ivanhoe mailioe, A. yt. eee Bivd., St. New York 7.N. Y Wallace & Tiernan Co., Ine, I 

velan g Islan > is * ie 0 awe Se > ‘ 3. 
Builders- Providence, Inc., 9 Cod Luther & Wood,” 1427 bye st Peerless Pump Division, Food Ma- oa ~. +o 1 Ine., 204 I 
\. -. : . chiner Cor ™ 301 W Ay lison emica eeders, ne., - 

ding St., Providence, R. I. N.W., Washington, D. C. , . enue Clinton St., Buffalo, N Pe 
Inflleo, Ine., 825 W. 25th Pl., Chi- Bred oe Oe, Gem 6) go eee Le on » N. | 

cago, Ill yrd, Richmond, Va. sburgh Equitable Meter Co., MIXERS, CONCRETE 
Simplex Valve & Meter Co., 68th . A. Taylor & Co., 7300 York Lexington Ave., Pittsburgh, Pa. (See Concrete Mixers) ~ 

& Upland Sts., Philadelphia, Pa. Wras Baltimore, Md. The A. P. Smith Mfg. Co., 545 N. . Sir 
R. W. Sparling, Box 3277 Terminai Wallace & Tiernan Co., Inc., New- Arlington Ave., E. Orange, N. J. | MIXING EQUIPMENT 

Annex, Los Angeles, Calif. ark 1, N. J. Worthington -Gamon Meter Co., (Water & Sewage) 

INSTRUMENTS (Surveyi Wilson Chemical Feeders, Inc., 204 Newark, N. J. The American Well Works, Aurora, ORI 

Hydrographic and Navigation) Cane Sh, See, B.S. METERS, VENTURI Rolph B. Carter © 3 Park " 
4 . t a arter Co., 5 

“ie NB ae Instruments, | LEAK LOCATING INSTRU- Bailey Meter Co., 1072 Invanhoe Place, New York City. Bu 

oo NB. tlisan St., Portland MENTS Rd., Cleveland, Ohio. Chain Belt Co., 1610 W. Bruce ‘ 

aun gon. (See Water Leak Locating Instru- Builders-Providence, Inc., 9 Cod- St., Milwaukee 4, Wis. In 

yh ments) ding St., Providence, R. I. Chicago Pump Co., 2336 Wolfram ( 

Nm «Co... Perth Amboy, | LIQUID CHLORINE Infilco, 7 325 W. 2th Pl., Chi- St., Chicago, Il. Lu 

ne 
Ford Meter Box Co., Wabash, Ind MB Be " . Luther & Wood, 1427 Eye St. Dorr Co., Ine. Sng semanas: Si 
J {Water Meter). ; VALVE » PIPE AND N.W., Washington, D. C. General American Process Bquip- 
a. 22 EB. 40th St., New (See Respective Headings.) Simplex — a he “~ & ment, 420 Lexington Ave., New PAC 
. pham 8., adelphia ‘a. York 17, ° 
IRON SULPHATE MANOMETERS . Gute Task & Mig. Co, te. " 
Innis, Speiden & Co., 117 Libert Bailey Meter ©o., 1072 Ivanhoe | METERS, WATER & SEWAGE East Chicago, Ind : Se 

St., New York City od Rd., Cleveland, Ohio. American Meter Co., © B. 42nd Infileo, Inc. 325 Ww. 25th Pl., Chi- , 
Tennessee Corp., 621 Grant Bla Builders-Providence, Inc., 9 Cod- St. New York City. a , 

Atlanta, Ga. ~ ding St., Providence, R. I. Badger Meter Mfg. Co., Milwau- L aay Engineering Cor 222 PAC 

onne ro ee 
JOINTING COMPOUND Opel isn Gone awe tae, a ‘te Wr Adame ‘St, Chicago, tii. M 
MATERIALS I AND Co., —_ 8S. California Ave., Chi- = —- Co., 1072 Ivanhoe F. B. Leopold Co., 422 First Ave., 
Atlas Minetal Prod. Co., Mertz. rosie’ ft e965 W. 25th PI, Ont- | Bulldsre-Providence, Iuc., 9 Cod- eee es W, ents PAI 
- a. ding St., Provid R. I ® "ee sted F Al 
Grinnell Co., In 6: se € - —  S d ia 40, Pa. 

change St. aw Whang _ —- wg Corp., 222 W. Chem-Feeds-Inc., 77 Reservoir ne o oy — s “ted St. P 
Hydrau . 8 cago, Ill. Ave., Providence, R. I. ; "oe egy . G 
yaraulle | Development Corp., 50 Lather & Wood, 1427 Bye St. Everson Mfg. Co., 214 W. Huron ss arog > 1932 Ol 

ew York City. N.W., Washington, D. C St.. Chicago, II ; . K. Porter Co., Inc., 10%) %l- 
Leadite Co., Philadelphia. : Ba, hy St.. Chicago, Ill. i ldg., Pittsburgh 22, Pa. 
Northrup & Co., —. 50 _ -_ ee 5 hw 4 . ~ & Hersey Mfg. Co., E and First Sts., mA, Filter Mfg. Co., Darby, 

St.. New York 7, N. Y. Vapor Recover Systems Co., 2820 oe ee te Pa. . 

nee Tone Tank Co. 4083 Ra- Sr stemets .. Cometn, Gt.| ae, me | (Vems Mite. On, Bon 1198, lee P 
ve., cago, ’ . 
Penn. Salt Mfg. Co., 1000 Widener MAP REPRODUCTIONS sae & Wood, 1427 Eye St. sume Brothers Equipment Co., 

Bldg., Philadelphia 7, Pa. Lithoprint Co. of N. Y., 145 Hud- _N.W., Washington, D. C. 1433 N. Dayton St., Chicago 22, B 
— ky & Chemical Corp., Mer- son St., New York City. —— y Equitable Meter Co P4259 — 
chants J , , -_ Squitable Meter Co., 
chants Bank Bldg., Indianapolis, MEASURING INSTRUMENTS First Ave., Brooklyn, N. ¥. MOTORS, ELECTRIC | PE 
Rensselaer Valve Co., Troy, N. Y See Neptune Meter Co., 50 W. 50th St., Fairbanks, Morse & Co., 600 &. c 
Servicised Products’ Corp., 605i | METER ACCESSORIES, BOXES, New York City. Michigan Ave., Chicago 5, Ill. 

West 65th St., Chicago, ill. Labs +e ny ee — _ re rump Division, Food Ma- ~~. Motor Co., Bloom- k 

JOINT COMPOU: er Meter Co waukee 8. chinery.Corp., 301 W. Avenue ° 
ZOMPOUND, SEALING | | Clow Sonn, camer, 01" N. | 38. Te ‘Anatlee A, Cane | Wertnghns "Sos fading 
“st., Lee ‘Aamates 1. Calif. alman Ave., Chicago, Ill. Pittsburgh Equitable Meter Co., 400 He sh 
, Ford Meter Box Co., Wabash, Ind. Lexington Ave., Pittsburgh, Pa. a. R 
JOINTS, EXPANSION—PIPE Mueller Co., Decatur, III. Proportioneers, I 9 i ‘ 
Amer. Cast Iron Pipe Co., Bir- Nat'l Cl ? > es Codding | NIPPLES, PIPE 
mingham, Ala pe o., r as lay Pipe Mfrs., Inc., 111 St., Providence, R. I. American Hard Rubber Co., 11 p 
Astematic Contsel Div. Climax + cae St., Chicago, Il- Simplex Valve & Meter Co., 68th Mercer St., New York 13, N. Y. 
Industries my . . & Upland Sts., Philadelphia, Pa. A. M. Byers Co., Pittsburgh, Pa. T 
es, 149 8S. Western Ave Northrop & © I 
i . a } Pp o., Ine., 50 Church The A. P. Smith Mfg. Co., 545 N. Clow & Sons, James B., 201 N. 
Chicago, Ill. St., New York = , 
“9 2 Se ie : Arlington Ave., E. Orange, N. J. Talman Ave., Chicago, Il. 
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presser Mfg. Co. Div., Bradford, 


d 30 W. Ex- 
sinnell Co., Inc., 26 A x 
Grivange St. Providence, R. I. 
Hays Mfg. Co., Erie, Pa. 

Mueller Brass Co., Port Huron, 
~ Mich. 

Co., Decatur, Ill. 

oe Co.. Inc., 50 Church 
“st, New York, N. Y. 
:0-0X-ID 
on Chemical Co., 310 §&. 


Michigan Ave., Chicago, Ml. 


" LES, FLOW e 
— Meter Co., 1072 
Rd., Cleveland, Ohio. 
puilders-Providence, Inc., 
ding St., Providence, R. I. 
Link-Belt Co., 2045 W. Hunting 
“Park Ave., Philadelphia 40, Pa. 
simplex Valve & Meter Co., 68th & 
“Upland Sts., Philadelphia, Pa. 
1 UES, SPRAY 
NOSSI ther Div’n, Food Machin- 
ery Corp., 217 W. Julian St., 

San Jose 5, Calif. 

Chain Belt Co.. Milwaukee, Wis. 
Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Lakeside Engrg. Corp., 2 W. 
Adams St., Chicago, Il. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 
Mueller Brass Co., Port Huron, 
Mich. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Il. 
Yeomans Bros. Co., 1433 N. Dayton 


St., Chicago 22, Ill. 
ODOR & CARBON EVALUATION 
AIDS 


Ivanhoe 


9 Cod- 
I 


American Norit Co., Jacksonville, 
Fla. 

Darco Corp., 60 E, 42nd St., New 
York City 17. 

Industrial Chemical Sales Div., 
West Va. Pulp & Paper Co., 230 
Park Ave., New York City. 

L. A. Salomon & Bro., 216 Pearl 
St., New York City. 

Stuart Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 

OPERATING TABLES 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

F. B. Leopold Co., 422 First Ave., 
Pittsburgh, Pa. 

C. T.. McFarland Co., 523 Dwight 
Bidg., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 

Roberts Filter Mfg. Co., 
Pa. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 


ORIFICES 


Darby, 


Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 
Builders-Providence, Inc., 9 Cod- 


ding St., Providence, R. I. 
Infileo, Inc., 325 W. 25th Pl., Chi- 
cago 16, Tl. 

Luther & Wood, 1427 Eye St. 
N.W., Washington, D. C. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 

PACKING 

Johns-Manville, 22 E. 40th St., New 
York City. 

Northrop & Co., Inc., 50 Church 
St.. New York 7, N. Y. 


PACKING, RAWHIDE 
Mabbs Hydraulic Packing Co., 431 
8S. Dearborn St., Chicago, Il. 


PAINT, ACID RESISTING 

Atlas Mineral Prod. Co., 
town, Pa. 

General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio 

~ “oe Chemical Co., St. Louis, 


Mertz- 


0. 
Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 
Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia 7, Pa. 
Reilly Tar & Chemical Corp., Mer- 
— Bank Bldg., Indianapolis, 
nd, 
PENSTOCKS 
Chicago Bridge & Iron Co., 2198 
McCormick Bldg., Chicago, Ill. 
*., D. Cole Mfg. Co., Newnan, 
a 


Graver Tank & Mfg. Co., 
East Chicago, Ind. 
“es Hunt Machine Co., Orange, 
Mass. 

Pittsburgh-Des Moines 

. Pittsburgh, Pa. 

The Stacey Bros, Gas Construction 
Co., 5535 Vine St., Cincinnati 

16, Ohio. 


Inc., 


Steel Co., 








pH TEST EQUIPMENT 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. . 

Infileo, Inc., 325 W. 25th PL, 
Chicago, Ill. 

Luther & Wood, 1427 Eye St. 
N.W., Washington, D. C. 

Beckman Instruments Div., Na- 
tional Technical Laboratories, 
So. Pasadena, Calif. 

Northrop & Co., Ine., 50 Church 
St., New York, N. Y. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 

Phipps & Bird, Inc., 303 8S. 6th 
St., Richmond 5, Va. 

Proportioneers, Inec., 9 
St., Providence, R. I. 

W. A. Taylor & Co., 7300 York 
Rd., Baltimore, Md. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 

Wilson Chemical Feeders, Inc., 24 
Clinton St., Buffalo, N. Y. 


PIPE AND TANK COATINGS 
Dearborn Chemical Co., 310 §S. 
Michigan Ave., Chicago, Il. 
General Paint Corp., 3091 Mayfield 

Rd., Cleveland, Ohio. 

Reilly Tar & Chemical Corp., Mer- 
= Bank Bldg., Indianapolis, 
nd. 

The Stacey Bros. Gas Construction 
Co., 5535 Vine St., Cincinnati 
16, Ohio. 

Stuart Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 


PIPE, ASBESTOS-CEMENT 
Johns-Manville Co., 22 E. 40th St., 
New York City. 
PIPE BENDING MACHINES 
Hays Mfg. Co., Erie, Pa. 
PIPE, CAST IRON 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
Central Foundry Co., 386 4th Ave., 
New York City. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Il. 
Hunt, Rodney, Machine Co., 
Orange, Mass. 
U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 
Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


PIPE, CEMENT LINED 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
Central Foundry Co., 386 Fourth 
Ave., New York City. 
Centriline Corp., 140 Cedar St., 
New York City. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 
U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 
Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 
PIPE, CEMENT LINING OF 
Centriline Corp., 140 Cedar St., 
New York City. 
Lock Joint Pipe Co., P. 0. Box 
269, East Orange, N. J. 
Tate Pipe Linings, Inc., 47 Haver- 
hill St., Andover, Mass. 
PIPE, CONCRETE, PRESSURE 
Lock Joint Pipe Co., P. O. Box 
269, East Orange, N. J. 
PIPE, COPPER, BRASS AND 


Codding 


NL 


American Brass Co., Waterbury, 
Conn. 

Bridgeport Brass Co., Bridgeport 
2, Conn. 


Hays Mfg. Co., Erie, Pa. 

Mueller Brass Co., Port Huron, 
Mich, 

Mueller Co., Decatur, Ill. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 


PIPE, CORRUGATED 


Armco Drainage Products Assn., 
Middletown, Ohio. 

PIPE, CULVERT 

Armco Drainage Products Assn., 


Middletown, Ohio. 
Cast Iron Pipe Research Assn., 
122 S. Michigan Ave., Chicago. 
Central Foundry Co., 386 Fourth 
Ave., New York City. d 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 
Johns-Manville, 22 E. 40th St., 
New York City. 
Lock Joint Pipe Co., P. O. Box 
269, East Orange, N. J. 
Nat’l Clay Pipe Mfrs., Inc., 111 
W. Washington St., Chicago, Ill. 
Portland Cement Assn., 33 W. 
Grand Ave., Chicago, Ill. 





U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 
. D. Wood Co., 400 Chestnut St., 

Philadelphia, Pa. 


PIPE CUTTING MACHINES 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y¥. 
Ridge Too] Co., Elyria, Ohio. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


PIPE, DRILLS, JACKS AND 
PUSHERS 


Northrop & Co., Inc., 50 Church 
St., New York City. 

PIPE ENAMELS, PROTECTIVE 

—COAL TAR 

General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio. 

Reilly Tar & Chemical Corp., Mer- 
chants Bank Bldg., Indianapolis, 
Ind. 

PIPE, FELT WRAPPING 
Dearborn Chemical Co., 310 §&. 
Michigan Ave., Chicago, Ill. 
General Paint Corp., 3091 Mayfield 

Rd., Cleveland, Ohio. 

Johns-Manville, 22 E. 40th St., 

New York City. 
PIPE, FIBRE 

ae i ee Co., Orangeburg, 

N 


PIPE FITTINGS (See Fittings 
Pipe) 


PIPE—GALVANIZED, LIGHT- 

WEIGHT 
(Quick Coupling, Transportable for 

Conveying Wéter) 

Armco Drainage Products Assoc., 

Middletown, Ohio. 

Champion Corp., Hammond, Ind, 
PIPE, HARD RUBBER LINED 
_ American Hard Rubber Co., 11 

Mercer St., New York 13, N. Y. 
PIPE JOINT COMPOUNDS 

(See Jointing Compounds.) 
PIPE JOINTS (Mechanical) 

Automatic Control Div., Climax 

Industries, 1949 S. Western Ave., 
Chicago, Ill. 
Carson-Cadillac Corp., Birmingham, 


la. 

Central Foundry Co., 386 Fourth 
Ave., New York, N. ¥. 

Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, IIL. 

Dresser Mfg. Div., Bradford, Pa. 

Hays Mfg. Co., Erie, Pa. 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 

Pittsburgh Equitable Meter Co., 
400 Lexington Ave., Pittsburgh, 
Pa 


Warren Foundry & Pipe Co., 11 
Broadway, New York City. 

L. A. Weston, Adams, Mass. 

R. D. Wood & Co., 400 Chestnut 
St., Philadelphia, Pa. 

U. 8S. Pipe & Foundry Co., 
lington, N. J. 


PIPE JOINT TOOLS 
Atlas Mineral Products Co., Mertz- 
town, Pa. 

Hays Mfg. Co., Erie, Pa. 
Hydraulic Development Corp., 30 
Church §St., New York City. 

Mueller Co., Decatur, Il. 
Northrop & Co., Ine., 50 Church 
St., New York 7, N. Y. 
Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 
PIPE, LEAD LINED 
Nooter, John, Boiler Works Co., 
1410 8. 2nd St., St. Louis 4. Mo. 


PIPE LOCATORS 


Bur- 


Aqua Survey & Instrument Co., 
1409 Marlowe Ave., Cincinnati, 
Ohio. 

Frank N. Blake, North Adams, 
Mass. 

S. F. Ferguson, 11 Hill St., New- 
ark 2, N. J. 

Fisher Research Lab., 1961 Uni- 


versity Ave., Palo Alto, Calif. 

Northrop & Co., Inc., 3) Church 

St., New York 7, N. Y. 
PIPE PUSHERS 

Northrop & Co., Inc., 50 Church 

St., New York 7, N. Y. 
PIPE, SEWER 

American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Am, Concrete Pipe Assn., 33 W. 
Grand Ave., Chicago, Ill. (Rein- 
forced Concrete.) 

Armco Drainage Products Assn., 
Middletown, Ohio. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Il. 

Central Foundry Co., 386 Fourth 
Ave., New York City. 

Clow and Sons, James B., 201 N. 
Talman Ave., Chicago, Il. 
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Fibre Conduit Co., Orangeburg, 

Johns-Manville, 22 E. 40th St., New 
York City. 

lock Joint Pipe Co., P. 0. Box 
269, East Orange, N. J. 
Nat'l Clay Pipe Mfrs., 111 W. 
Washington St., Chicago, Ill. 
U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut 8t., 
Philadelphia, Pa. 

A. Wyckoff & Son Co., Elmira, 
N, 


PIPE, STEEL 
American Locomotive Co., Alco 

Div., 20 Chureh St., 
New York 8, N. Y. 

American Rolling Mill Co., Mid- 
dletown, Ohio. 

Chicago Bridge & Iron Company, 
2198 McCormick Bldg., Chicago, 


Ill. 
R. D. Cole Mfg. Co., Newnan, Ga. 
Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 
Nooter, John, Boiler Works Co., 
1410 8. 2nd St., St. Louis 4, Mo. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
PIPE, SUBAQUEOUS 
American Cast Iron Pipe Co., Bir- 
mingham, Ala, 
Central Foundry Co., 386 Fourth 
Ave., New York, N. Y. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 
Johns-Manville, 22 East 40th St., 
New York City. 
Lock Joint Pipe Co., P. 0. Box 
269, East Orange, N. J. 
U. S. Pipe & Foundry Co., Bur- 
lington, N. J. 
Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 
R. D. Wood Co., 400 Chestnut 8t., 
Philadelphia, Pa. 
PIPE TAPPING MACHINES 
Hays Mfg. Co., Erie, Pa. 
Mueller Co., Decatur, Ill. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


PIPE TEST PLUGS 
Northrop & Co., Inc., 
St., New York 7, N. 
PIPE TOOLS (Cutters, Extrac- 

tors, Threaders, Wrenches, 


ec. 
Ridge Tool Co., Elyria, Ohio. 
Tucker Co., Inc., 75 Murray St., 
New York, N. Y. 
PIPE, VITRIFIED CLAY 
(See Vitrified Clay Pipe and 
Products.) 
PIPE, WELDED STEEL 
Armco Drainage & Metal Prod 
ucts, Inc., Middletown, Ohio. 
Chicago Bridge & Iron Company, 
2198 McCormick Bldg., Chicago, 
Til. 
R. D. Cole Mfg. Co., Newnan, Ga. 
Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 
John Nooter Boiler Works Co., 
1410 S. 2nd St., St. Louis, 4, Mo. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
The Stacey Bros. 
tion Co., 5535 
cinnati 16, Ohio. 
PIPE, WRAPPING 
Dearborn Chemical Co., 310 5S. 
Michigan Ave., Chicago, Il. 
General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio. 
Johns-Manville, 22 E. 40th St., 
New York City. 
PIPE, WROUGHT IRON 
A. M. Byers Co., Clark Bidg., 
Pittsburgh, Pa. 
PITOT TUBES 
Pitometer Company, 50 Church St., 
New York City. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 


Pa. 

PNEUMATIC CONVEYORS FOR 
WATER AND SEWAGE TREAT- 
MENT 
Dracco Corp., Cleveland, Ohio. 

PNEUMATIC TOOLS 
Schramm, Inc., Westchester, Pa. 
Sullivan Mach, Co., Michigan City, 


Ind. 
POROUS TUBES AND PLATES 
Carborundum Co., Niagara Falls, 
BM. Ee 
Chicago Pump Co., 2336 Wolfram 
St., Chicago, Il. 
PRESSURE REGULATORS 
American Meter Co., 60 E. 
St., New York City. 
Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 


50) Church 
= 


Gas Construc- 
Vine St., Cin 


42nd 
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Bailey Meter Co., 1072 Ivanhoe Quimby Pump Co., Div. H. K. Yeomans Brothers Co., 1433 Day- Worthington Pump & Mach ¢ 

Rd., Cleveland, Ohio. Porter Co., 49th and Harrison ton St., Chicago 22, Il. n Harrison, N. J. ~ \orp., I 
Clayton Mfg. Co., Alhambra, Calif. | Sts., Pittsburgh, Pa >t s cE TEL eomans Brothers (Co., 2 » , 
Gonasine Iron Sponge and Governor | Simplex Valve & Meter Co., 68th ty ee Aurora, Dayton St., Chicago 2» N, 7 

Co., 3154 8. California Ave., & Upland Sts., Philadelphia, Ill. . PUMPS, ROTARY , 

Chicago, -IIl. : : Pa. a : Aurora Pump Co., Aurora, Ill. De Laval Steam Turbine c, 
Golden-Anderson Valve Spec. Co., Wallace & Tiernan Co., Ine., A. D. Cook Co., Inc., Lawrence- a a a ine Co., Tren. 

1328 Fulton Bldg., Pittsburgh, Newark, N. J. burg, Indiana. The Deming C s 

Pa Wilson Chemical Feeders, Inc., The Deming Co., Salem, Ohio. Datehaniee ou ond alem, Ohio, 
Hagan Corp., Hagan Bldg., Pitts- Buffalo, N. Y. Fairbanks, Morse & Co., 600 S. Michigan a oe 600 8 ) 

burgh, Pa. Worthing Pump & Mach, Corp., Michigan Ave., Chicago 5, Ill. tomes & eater’ ion cago 5, Ii. 
Mueller Co., Decatur, Il | Harrison, N. J. Layne & Bowler, Inc., P. 0. Box 215. Holl wood § c.. P. 
Northrop & Co., Inc., 50 Church | Yeoman Bros. Co., 1433 N. Dayton 215, Hollywood Sta., Memphis §, & Wenn y tation, Memphis 

St., New York City. St., Chicago 22, Ill. Tenn. Peertess Pump Divisiox F 
Peerless Pump Division, Food Ma- | PUMPS, BOILER FEED Morris Machine Works, Baldwins- chinery Corp., 301 W. = Ma. 

chinery Corp., 301 W. Avenue a : = ville, N. Y. 26, Los Angeles 31. ¢ enue 

26. Los Angeles 31, Calif. | The American Well Works, Aurora, Peerless Pump Division, Food Ma- Pomona Pump Co. 206 — 
Pittsburgh Equitable Meter Co., | Til. chinery Corp., 301 W. Avenue aneniel = ene A E. Com. 

400 Lexington Ave., Pittsburgh, | Aurora Pump Co., Aurora, Ill, 26, Los Angeles 31, Calif. Quimby Pump Div.. Calif. 

Pa. Chicago Pump Co., 2349 Wolfram Pomona Pump Co., 206 E. Com- Co... oth & Wee K. Porter 
Rensselaer Valve Co., Troy, N. Y. St., Chicago, Ml. mercial St., Pomona, Calif. Pittsburgh Pa arrison Sts, 
Ross Valve Mfg. Co., P. O. Box Dayton - Dowd Pumps, Peerless | Turbine Equipment Co., 75 West Roots-Connersville Blower ¢ 

505, Troy, N. Y. Pump Division, Inc., Quincy, | St.. New York 6, N. Y. —- a 
8. Morgan Smith Co., York, Pa. | Illinois. - | Worthington Pump & Mach. Corp., Turbine Equipment Co. i & 
The Vapor Recovery Systems Co., - a Steam Turbine Co., Tren- | Harrison, N. J. St.. New York 6, N . West 

989 ‘f da & , on, N. « | a 

calif a | The Deming Co., Salem, Ohio. PUMPS, DIAPHRAGM 53 Park Worthington P “—" & Mach, Corp., 

| Economy Pump, Inc., Hamilton, 0. | Ralph — Carter Co., & -_ ree ere 
PROPORTIONING EQUIPMENT | Fairbanks, Morse & Co., 600 8. | Bie 3 eI Raia: os _«. | PUMPS, SELF PRIMING 
———- “ : . Gt | Michigan Ave., Chicago 5, II. | ' yo ge R I ee Aurora Pump Co., Aurora, Il] 
uilders-Providence, nec f od- jover ; ; we ° —" ‘ > ae ms & Co : 

a “4 Providence, ae —- Governor Corp., Ashland, | Chemical Equipment Co., P. O. oe ns & Co., Hazle. 
Chem-Feeds-Inc., 77 Reservoir | Morris Machine Works, Baldwins- | Box 3008, | Terminal Annex, Les Ralph B. Carter Co., 53 Park Pp P 

Ave., Providence, R. I. | ville, N.Y. oe tngeles 12, Calif. ; New York City. wt 
Chemical Equipment Co., P. 0. | Pomona Pump Co., 206 E. Com- | rhe Deming Co., Salem, a . Chain Belt Co., 1610 W. R 

Box 3098, Terminal Annex, Los | mercial St., Pomona, Calif. re tar. ee ee St., Milwaukee 4, Wis. | _ 

Angeles 12, Calif. | Quimby Pump Co. div Ore y. _ Yhicago P ‘. 9249 Ww 
Dearborn Chemical Co., 310 S&S. ~Berter Co 49th and Harrison — — © D. &., South Bee- ee mi =e Welen 

Michigan Ave., Chicago, III. _Sts., Pittsburgh, Pa ‘ Te mace . Dayton - Dowd Pumps _ 

St., Chicago, . St., New Yo Y ne — Ege » » Laval Ste Turbine ¢ 
Graver Tank. & Mfg. Co., Ine., Vogt on ih. ite’ Co e Loutevitte, Everson Filter Service Co., 214 Ww. ag _. Turbine Co., 

East Chicago, Ind. i urea St... Chicago, Til. > : The Deming Co., Salem Ohio 
Infileo, Inc., 325 W. 25th Pl, Chi Westhientes Pump & Mach. Corp., ee. = bes nel — _ -. Gorman-Rupp Co., Manstield, Ohio. 

cago, Tl | Harrison, N. J. | — wed “1 0 . Homelite Corp., Tort Chester, 
Jeffrey Mfg. Co., Columbus, 0. } Yeomans Brothers Co., 1433 N.. | Northrop & Co., Ine... 50 Chureh ) Y. so 
Lakeside Engrg. Corp., 222 W. | Dayton St., Chicago’ 22, Ill. | qtt-» How Yom v, HM. ¥. , tone & Dette tee. © oe 

Adams S8t., Chicago. Tl. ‘ Oliver United Filters, Inc., 33 W. 215, Hollywood Sta Mem vhi * 
Luther & Wood, 1427 Eye st. | PUMPS, CELLAR DRAINER i2ad St., New York 18, N.Y. Tenn. ee 

N.W., Washington, D. C. Aurora Pump Co., Aurora, Il. Proportioneers, Inc., 9 Codding St., Northrop & C 50 Chure 
: i L . 1 3 : 4 ' ie _ Providence. RB. I. I orthrop & Co., ait Church §&t., 
C. T. MeFarland Co., 523 Dwight | Ralph B. Carter Co., 53 Park r New York 7, N. Y 

Bldg., Kansas City, Mo | Place, New York City. Wallace & ' pees Co., Inc., New- Peerless Pump Div. Food M 
Nooter, John, Boiler Works Coe., Chicago Pump Co., 2349 Wolfram ark, N. m chinery Corp 301 W. Ave. % 

1410 8. 2nd St., St. Louis 4, Mo. St., Chicago, Il. Wilson Chemie al Feeders, Inc., Los Angeles *— ” 
Permutit Co., 330 W. 42nd St., Dayton - Dowd Pumps, Peerless Buffalo, N. Y. " Pomona Pump Co., 206 E. Com. 

New York 18, N. Y. Pump Division, Inc., Quincy, Yeomans Brothers Co., 1433 Day- mercial St., Pomona, Calif 
Phipps & Bird, Ine., Sixth & o's ton St., Chicago 22, Ill. Quimby Pump Co., Div. H. kK 

Byrd, Richmond, Va. The Deming Co., Salem. Ohio >S AIN s Porter Co., 49th ane arri 
Proportioneers, Inc., 9 Codding Economy Pumps, Inc., 1024 Weller a yy Ay iene Sts., Pittsburgh, Pa — 

St., Providence, R. I _Ave., Hamilton, Ohio. ’ Roots-Connersville Blower  Corp., 
Roberts Filter Mfg. Co., Darby, Fairbanks, Morse & Co., 600 S. | PUMPS, HYDRANT Connersville, Ind, 

Pa. ,_ Michigan Ave., Chicago 5, Ill. | Edson Corp., 49 D St., South Bos- Turbine Equipment Co., 75 West 
Omega Machine Co., 9 Codding St., Peerless Pump Division Food Ma- | ton, Mass. St.. New York 6, N. Y 

Providence 1, R. I. chinery Corp., 301 West Avenue Northrop & Co., Inc., 50 Church Worthington Pump & Mach. Corp., 
Simplex Valve & Meter Co., 68th 26, Los Angeles, Calif. St., New York 7, N. Y. Harrison, N. J. 
and Upland Sts., Philadelphia, Pomona Pump Co., 206 E. Com- Yeomans Brothers Co., 1433 Day- Yeomans Brothers Co., 1438 N 

Pa. mercial St., Pomona, Calif. ton St., Chicago 22, Ill. Dayton St., Chicago 22, Il. — 
Turbine Equipment Co., 75 West | Quimby Pump Co., Div. H. K. Ralph B. Carter Co., 53 Park PI1., F 7 
St.. New York 6, N. ¥ Porter Co., 49th and Harrison New York City. ay SEWAGE AND DRAIN- 
Wallace & Tiernan Co., c., Sts., Pittsburgh, Pa. , " as AGE 

Newark, N. J. ss Turbine Equipment Co., 75 West | PUMPS, HYDRAL Lic on The American Well Works, An- 
Wilson Chemical Feeders, Inc., 204 | St.. New York 6, N. Y. Ross Valve Mfg. Co. Inc., Troy, rora, Ill. 

Clinton St., Buffalo, N. Y. | Worthington — & Mach. Corp., N. ¥. Aurora Pump Co.. Aurora, Ill 
ceteedaiies al xe Harrison, N. PUMPS, JETTING Ralph B. Carter Co., 53 Park PI. 
PUMP PRIMERS Yeomans bsctieats Co.. 1433 N. | Ralph B. Carter Co., 53 Park P1., New York City. 

7; Haentjens & Co., Hazle- Dayton St., Chicago 22, II. New York N. Y. Chain Belt Co., 1610 W. Bruce St., 
on, Pa, | ; Gorm upp Co., Mansfield, Ohio. Milwaukee 4, Wis. 

Ralph B. Carter Co., 53 Park | PUMPS, CENTRIFUGAL | ae ey ee Ine., ~ es Chicago Pump Co., 2349 Wolfram 

_ Place, New York City. | The American Well Works, Aurora, | St.. New York 7, N. Y. St.. Chicago, M1. 

Chicago Pump Co., 2349 Wolfram Til. ’ 1 | Peerless Pump Div., Food Machin- Dayton - Dowd Pumps, Peerless 
St., Chicago, I. | Aurora Pump Co., Aurora, III. | ery Corp.. 301 W. Ave. 26, Los | Pump Div., Ine.. Quincey, Ill. 
De Laval Steam Turbine Co., | Barrett. Haentjens & Co., Hazle | Angeles 31, Calif. De Laval Steam Turbine Co., Tren- 

Trenton, N. J. ton, Pa. | : ton, N. J. 

Roots-Connersville Blower Corp., | Ralph B. Carter Co 53 Park | PUMPS, PORTABLE The Deming Co., Salem, Ohio. 

Connersville, Ind | Place, New York City. | Barrett, Haentjens & Co., Hazle- Economy Pumps, Ine., Hamilton, 
Turbine Equipment Co., 75 West | Chain Belt Co.. Milwaukee, Wis. | ton, Pa. Ohio. 

St.. New York 6. N. Y. | Chieago Pump Co., 2349 Wolfram | Ralph B. Carter Co., 53 Park Pl., | Eason Corp., 49 D St., South Bos 
Yeoman Bros. Co., 1433 N. Dayton St., Chicago, Tl. | New York City. ton, Mass. 

St., Chicago 22, Ill. E | “. D. Cook Co., Inc., Lawrence- | = a ¥" _ W. Bruce St., | Fairbanks, Morse & Co., 600 S&. 
; : : _ yurg, Indiana. Milwaukee 4, Wis. Michigan Ave., Chicago, Ml. 

PUMPS, ACID-HANDLING | Dayton - Dowd ae, Peerless | Chem-Feeds-Inc., 77 Reservoir | Geomen- thee Co., Mansfeld, Ohio 
American Hard Rubber Co., 11 | Pump Division, Inc., Quincey, Ill. | Ave., Providence, R. I. Lombard Governor Corp., Ashland, 

Mercer St., New York 18. N. Y. De Laval Steam Turbine Co., Tren- Dayton - Dowd Pumps, Peerless Mass. 

Aurora Pump Co., Aurora, IIl. | ton, N. J. | Pump Div., Inc., Quiney, Il. | Morris Machine Works, Baldwins 
Ralph B. Carter Co., 53 Park | The Deming Co., Salem, Ohio De Laval Steam Turbine Co., Tren- | ville, N. Y. 

Place, New York _ City. Economy Pump Inc., Hamilton, 0. ton. N. J. | Peerless Pump Division, Food Ma- 
Chem-Feeds-Inc., 77 Reservoir | Fairbanks, Morse & Co., 600 S. The Deming Co., Salem. Ohio ehinery Corp., 301 W. Avenue 
Ave.. Providence, R. I Michigan Ave., Chicago 5, Il. Economy Pumps, Inc., 1024 Weller | 26. Los Ageles 31, Calif. 
Chemical Equipment Co., P. 0. Box | Gorman-Rupp Co., Mansfield, Ohio. Ave., Hamilton, Ohio. | Pomona Pump Co., Pomona, Calif 
2008, Terminal Annex. Los An- Homelite Corp., Port Chester, Fairbanks, Morse & Co., 600 8 Quimby Pump Co., Div. K. 
geles 12, Calif. | mS . Michigan Ave., Chicago 5, Til. | Porter Co.. 49th and Harrison 
Chicago Pump Co., 2349 Wolfram | Layne & Bowler, Inc., P. 0. Box Gorman-Rupp Co., Mansfield, Ohio. Sts Pittsburgh Pa. 

St., Chieago, Il 215, Hollywood Sta., Memphis 8, | Homelite Corp., Port Chester, | Ss. Morgan Smith Co., York, Pa 
Dayton-Dowd Pumps, Peerless | Tenn. N. ¥. | Turbine Equipment Co., 75 West 

Pump Division, Inc., Quincy, Lombard Governor Corp., Ashland, | Lombard Governor Corp., Ashland, | St.. New York 6, N. Y 
Illinois. Mass. Ass. : ‘orp., 
Infileo, Inc., 325 W. 25th Place, Morris Machine Works, Baldwins- Morris Machine Works, Baldwins- | Worthington ‘tes ag & ie. Oe 
Chicago, TI ville, N. Y. ville, N. ¥. Yeomans Brothers Co., 1433_N. 
Lakeside Engrg. Corp., 222 W. Northrop & Co., 50 Church St., Northrop & Co., Ine., 50 Chureh Darton St Chicago. 99. Til. 
Adams S&St., Chicago, TI. New York 7, N. Y. St., New York 7, N. Y. | . ee ‘ 
Lombard Governor Corp., Ashland Peerless Pump Division, Food Ma- Peerless Pump Division Food Ma- PUMPS, SLUDGE 
Mass chinery Corp., 301 W. Avenue chinery Corp., 301 West Avenue The American Well Works, Avt- 
Morris Machine Works, Baldwins 26. Los Angeles 31, Calif. 26, Los Angeles, Calif. rora, Ii. 
ville, N. Y. | Turbine Equipment Co., 75 West Pomona Pump Co., 206 E. Com- | Aurora Pump Co.. Aurora, Ill. 
Oliver United Filters, New York | St., New York 6, N. Y. mercial St., Pomona, Calif. | Ralph B. Carter Co., 53 Park PIL, 

. PY. | Quimby Pump Co., Div. H. K. | Quimby Pump Co., Div. H. K. New York City. 

Pomona Pump Co., 206 E. Com Porter Co., 49th & Harrison Sts., | Porter Co., 49th and Harrison | Chicago Pump Co., 2349 Wolfram 

mercial St., Pomona, Calif Pittsburgh, Pa Sts., Pittsburgh, Pa. St., Chicago, Il 
Proportioneers, Inc., 9% Codding Worthington Pump & Mach. Corp., Turbine Equipment Co., 75 West | Dayton - Dowd Pumps, Peerless 

St., Providence, R. I. ! Harrison, N, J. ' St., New York Gm. &. ‘ Pump Div., Inc., Quiney, ui. 
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Nat’l Clay Pipe Mfrs., Inc., 111 Jettrey Mtg. Co., Columbus, Ohio. Chain Belt Co., 1610 W. Bruce Permutit Co., 330 W. 42nq 
W. Washington St., Chicago, M1. Royer Foundry & Mach. -Co., 158 St., Milwaukee 4, Wis. New York 18, N. Y. at, vations 
L. A. Weston, Adams, Mass. Pringle St., Kingston, Pa. Dorr Co., 570 Lexington Ave., New Pittsburgh-Des Moines Stee} Co., vet 
SEWER PIPE LOCATORS SLUDGE EJECTORS York City. Pittsbergh, Pa. tune 
Frank N. Blake, North Adams, (See Ejectors, Pneumatic.) Graver Tank & Mfg. Co., Inc., Proportioneers, ae 9 Codding st, Mew 
Mass. SLUDGE ELEVATORS, LIQUID East Chicago, Ind. Providence, R. orthro 
SEWER RODS Chain ‘Belt Co., 1610 J W. Bruce Infilco, Inc., 325 W. 25th Place, Roberts Filter ute. Co., Darby, a } 
Flexible Sewer-Rod Eqpt. Co., 9059 St., Milwaukee 4, Wis. Chicago, Il. Pa. riess 
Tenice Bly D ‘alif. Lakeside Engrg. Corp., 222 West Turbine Equipment Co., - 
Venice Blvd., Los Angeles, Calif 7 . & P D ¥* West chine! 
Jos. G. Pollard Co., Inc., 151 Ash- SLUDGE GAS ENGINES Adams 8t., Chicago, Til. 8t., New York 6, N, Los / 
land Pl., Brooklyn, N. Y. (See Engines, Sludge Gas) Pacific Flush Tank Co., 4241 Wallace & Tiernan Co., =. New. ttsbu 
W. A. Stewart, P. 0. Box 767, | SLUDGE PUMPS Ravenswood Ave., Chicago, Ill. ark 1, N. J. ; Pio 
Syracuse, N. Y. The American Well Works, Au- Yeomans Bros. Co., 1433 N. Day- Wilson Chemical Feeders, i. 204 Pa 
suEBTING rora, Ml. ton St., Chicago 22, Il. Clinton St., Buffalo, N. Y, qe A. 
Seemteae Genes Co. Watuburr Ralph B. Carter Co., 53 Park PL, | SPRINKLING FILTER Yeoman Bros. Co., 1433" N.” Day. arlin 
= . : > New York City. UNDERDRAINS ton St., Chicago 22, Il, J 
Conn., (Copper and Copper Al- -. 4 m. N. 
loys). Chicago Pump Co., 2349 Wolfram (See Filter Underdrains, Sewage.) | SWITCHBOARDS Wortbi! 
Armeo Drainage Products Assn., St., Chicago, Ill. : STACKS Climax Engineering Co., Clinton News 
Middletown, Ohio (Iron & Steel). De- Laval Steam Turbine Co., Cement Gun Co., P. O. Box 424, Iowa. , uiCKE 
Bridgeport Brass Co., Bridgeport Trenton, N. : Allentown, Pa. Johns-Manville, 22 East 40th gt, Ralph 
2, Conn, (Copper and Copper Dorr Co., 570 Lexington Ave., New Chicago Bridge & Iron Co., 2198 New York, N. Place 
Alloys). a Lork City. McCormick Bldg., Chicago, III. bet we Biectric & Mfg. Co chain } 
Johns-Manville Co., 22 EB. 40th St., The Eimco Corp., P. 0. Box 300, R. D. Cole Mfg. Co., Newnan, Ga. P. O. Box 868, Pittsburgh 7 Milw 
New York 16, N. Y. (Asbestos). Salt Lake City, Utah. General American Process Equip- c 
SIGHT FEEDERS Infilco, Inc., 325 W. 25th Place, ment, 420 Lexington Ave., New TANKS AND STANDPIPES York 
(For Chemical Pumps) Chicago, Ill. York 17, N. Y¥. (Concrete The B 
Chem-Feeds-Inc., 77 Reservoir Morris Machine Works, Baldwins- Graver Tank & Mfg. Co., Inc., Cement Gun Co., Inc., P. 0. Box galt 
Ave., Providence, R. I. ville, N. ¥. East Chicago, Ind. 424, Allentown, Pa. Graver 
Chemical Equipment Co., P. O. Oliver United Filters, Inc., 33 W. Nooter, John, Boiler Works Co., | TANKS AND STANDPIPES East 
Box 3098, Terminal Annex, Los 42nd St., New York 18, N. Y. 1410 §S. 2nd St., St. Louis 4, (Steel) Infileo, 
Angeles 12, Calif. Pacific Flush Tank Co., 4241 Mo. Chicago Bridge & Iron Co., 2198 Chie 
Dearborn Chemical Co., 310 8. Ravenswood Ave., Chicago, Ill. Pittsburgh-Des Moines Steel Co., McCormick Bldg., Chicago Th, Jeffrey 
Michigan Ave., Chicago, Ill. Turbine Equipment Co., 75 West Pittsburgh, Pa. R. D. Cole Mfg. Co., Newnan, Ga, Link-E 
Luther & Wood, 1427 Bye St., New York 6, N. Y. Stacey Bros. Gas Construction Co., General American Process Equip. Parl 
N.W.., Washington, D. C Quimby Pump Co., Div. H. K. 5535 Vine St., Cincinnati 16, ment Div., 420 Lexington 4 Pacific 
Proportioneers, Inc. » Onéding St., estes Sis 49th and Harrison Ohio. New York 17, N. Y. Rav 
Providence, R. I. Sts.. Pittsburgh, Pa. Graver Tank & Mfg. Co. 1 
Wallace & Tiernan Co., Inc., New- | Worthington Pump & Machinery | Sonne-AManvilley 22 E. 40th st Mest Citenge, one. ai "st, 
ark, N. J. Corp., Harrison, N. J. New York Cit , ” Nooter, John, Boiler Works (Co, LS 
Wilson Chemical Feeders, Inc.,.204 Yeomans Brothers Co., 1433 N. ” 1410 8. 2nd St., St. Louis 4, Mo. a -} 
Clinton St., Buffalo, N. Y. Dayton St., Chicago 22, Il. a yy a po gt Moines Steel Co., ond 
SILENCERS, ENGINE, INTA SNUBBERS oe Pitteber . 
EXHAUST AND AIK INTAKE’ | | (See Silencers.) STANDPIPE AND TANK PRES- | 1. K. Porter Go. 40th & Hae oon 
Burgess-Manning Co., 2815 W. | SODA ASH ERVATION risse, Pittsargh, Fa. a 
Roscoe, Chicago, Iil. Diamond Alkali Co., Pittsburgh Tn Sone Seetecien Peanen.) The Stacey. "vie it. Geel — 
SIPHONS (Sewage) Pa. ' | STERILIZING WATER MAINS 16.’ Ohio 7. TRAFS 
The American Well Works, Au- Hood Chemical Co., 450 W. 31st (See Water Main Sterilization) TANKS, PLASTIC LINED b= 
vera, Til. St., New York City. STIRRERS (Laboratory) Proportioneers, 9 Coding St. ‘on 
Ralph B. Carter Co., 53 Park PIl., Innis, Speiden & Co., 117 Liberty Dorr Co., 570 Lexington Ave., New Providence 1, R. I. : Chit 
New York City. (Alternating.) St., New York City. York City. Josau 
Infileo, Inc., 325 W. 25th Place, Mathieson Alkali Works, 60 E. 42nd Luther & Wood, 1427 Eye st. | TANKS, RUBBER LINED Cle 
Chicago, Il. St., New York City. N.W., Washington, D. C. Atlas Mineral Products Oo., Pacifi 
Pacific Flush Tank Co., 4241 Niagara Alkali Co., 60 E. 42nd Nooter, John, Boiler Works Co., Mertztown, Pa. Ra’ 
Ravenswood Ave., Chicago, Ill. St., New York City. 1410 S. 2nd St., St. Louis 4, Mo. Chemical Equipment Oo., P. Vapoi 
Yeomans Brothers Co., 1483 N. Penn. Salt. Mfg. Co., Widener Omega Mach. Co., Inc., 9 Codding Box 3008, Terminal Annex, Las N. 
Dayton St., Chicago 22, III. Bldg., Philadelphia, Pa. St., Providence 1, R. I. Angeles 12, Calif. ICK 
SLEEVES, PIPE REPAIR Pittsburgh Plate Glass Co., Co- Phipps & Bird, Ine., Sixth & Dorr Co., 570 Lexington Ave., New 7 
Clow & Sons, James B., 201 N. lumbia Chemical Div., Grant Byrd Sts., Richmond, Va. York City. — 
Talman Ave. Chicago, ‘Ill. Bldg., Pittsburgh 19, Pa. H. K. Porter Co.. Inc., 1932 Ol- | Everson Mfg. Co., 214 W. Hura 
Dresser Mfg. Div.. Bradford, Pa, | ©. _M. Sergeant Pulp & Chemical iver Bldg., Pittsburgh 22. Pa. St., Chicage, I. TRICE 
Eddy Valve Co., Waterford, N. Y Co., Ine., 7 Dey St., New York 7, | Stuart Brumley Corp., 516 N. | Graver Tank & Mfg. Co. Ine, wg 
Iowa Valve Co., Hubbell’ Bidg., N. ¥. Charles St., Baltimore 1, Md. Best Citeage, Sad. = 
‘ a &-, Solvay Sales Corp., 40 Recto Luther & Wood, 1427 Eye 8&t. ror 
Des Moines, Ia. ow Seth Gee” r St.. | STOKERS N.W., Washington, D. ©. Ralp 
. 3 vane & Fittings Co., ‘ : “ y- Fairbanks, Morse & Co., 600 8. Nooter, John, Boiler Works Co., Ne 
d on, Ala. SODIUM ALUMINATE Michigan Ave., Chicago 5, Ill. 1410 S. 2nd St., St. Louis 4, Chai 
ee Co., Chattanooga, Tenn. Dearborn Chemical Co., 310 Michi- Johnston & Jennings Co., 877 Ad- Mo. . Mi 
~e & Co., Inec., 50 Church gan Ave., Chicago, III. dison Rd., Cleveland, Ohio. Proportioneers, Inc., 9 Codding St., Dorr 
be ew York 7, N. we Monsanto Chemical Co., St. Louis Link-Belt Co., 2410 W. 18th St., Providence, R. I. Ne 
Rensselaer Valve Co., Troy, N. Y. Mo. : = Chicago 8, Il. Stacey Bros. Gas Construction Grav 
The A. P. Smith Mfg. Co., 545 N. Monsanto Chemical Co., Merrimac Westinghouse Electric & Mfg. Co., Co., 5535 Vine St., Cincinnati Es 
a Ave., East Orange, Div., Boston, Mass. . Box 868, Pittsburgh 30, 16, Ohio. : Infill 
Penn. Salt y a. Wallace & Tiernan Co., Ine., Ch 
Ww arren Foundry & Pipe Corp., 11 Bldg., Philadelphia 7, Pa eee STORAGE TANKS (See Stand- Newark 1, N. J. ‘ = Jeffr 
7 ge New York City. SODIUM BISULPHITE pipes and Tanks) Wilson Chemical Feeders, Inc., 204 Lak 
. Wood Co., 400 Chestnut St., G . Clinton St., Buffalo, N. Y. At 
Philadelphia, Pa. yeneral Chemical Co., 40 Rector | STRAINERS, SUCTION ar : 
. St., New York, N. Y. Barrett, Haentjens & Co., Hazle- | TAPPING MACHINES Linh 
SERS alee ee ee y | SOREUM CHLOGSTE ton, Pa eo SS - 
Kady Valve Co., Waterford, N- Y. | Mathieson Alkali Works, 60 East | Bdson Corp., 49 D St., South Bos- | Mueller Co.. Decatur, Ill. * 
wa Valve Co., dg., 42nd St., New York 17, N. Y. one. Mem. ' ay Fy — Hey Se - - 
The Kennedy Valco Mie. Oa. SODIUM PHOSPHATES (Glassy) — , - yy on an. &.. - a on ve., as range, = 
Simira, N. Y. algon, Inc., Hagan Bldg., ‘ og “* ‘ , wav ge ba 
Ludlow Valve Mfg., Co., Troy burgh, Pa. ” = as TASTE & ODOR REMOVAL ae 
N. ¥. ; ’ | sopruM SILICATE SULPHATE OF ALUMINA CHEMICALS 
M. & H. Valve & Fittings Co., Dismené Alkali Co Pittsburgh (See Filter Alum) Activated Alum Corp., Curtis Bay, TUN! 
Anniston, Ala. Pa. 6 ours’: | SULPHUR DIOXIDE (Liquid) Batemese, Te. “ 
Mueller Co., Chattanooga, Tenn. Genecel Chemical Ce. 6 Mecter Great Western Div., Dow Chemical a Norit Co., Jacksonville, c. 
Rensselaer Valve Co., Troy, N. Y. St., New York 6, N. Y. Co., 310 Sansome St. San Fran- Cc ffs. Yhemical C M = 
The A. P, Smith Mfg. Co., 545 N. | Philadelphia Quartz Co., ‘Third & cisco, Calif. a a ‘ 
Arlington Ave., East Orange, Ionic Sts., Philadelphia 6, Pa. Virginia Smelting Co., West Nor- pane ry ' “80 BE. 42nd St., New - 
m7 * ‘ ‘ Proportioneers, Inc., 9 Codding St., folk, Va. York " N. Y. ” a TUR! 
ors > y aot 
ville x ners Mfg. Co., Louis- : Providence, R. I. SUPERNATANT LIQUOR General Chemical Co., 40 Rector De 
__ville, Ky. Standard Silicate Division, Dia- (Selectors and Treaters) St., New York 6, z. T 
SLUDGE COLLECTORS mond Alkali Co., Pittsburgh, Pacific Flush-Tank Co., 4241 Ra- Graver Tank & Mfg. * Co. East Hu 
The + om Well Works, Au- po 3 venswood Ave., Chicago, III. Chicago, Ind. ; ! 
rora, Ill. § cNERS SWIMMING A J =N Industrial Chemical Sales Div., Mo 
Ralph B. Carter Co., 53 Park PL, (See Water Softening Equip- Ralph B. Carter Oe = Po Pe West Virginia Pulp & Paper Co., V 
New York City. ment) New York City. " fa Inc., 230 Park Ave., New York 8. 
Chain Belt Co., 1610 W. Bruce | SPEED REDUCERS, TRANSMIS- Chem-Feeds-Inc., 77 Reservoir 17, N. is Tu 
St., Milwaukee 4, Wis. SION Ave., Providence, R. I Infileo, Inc., 325 W. 25th Place, § 
Dorr Co., 570 Lexington Ave., New De Laval Steam Turbine Co., Chemical Equipment Co., P. 0. Chicago, I. ¥ TUR 
_ York City. Trenton, N. J. Box 3098. Terminal Annex, Los Permutit Co., 330 W. 42nd St., De 
Graver Tank & Mfg. Co., Inc., The Earle Gear & Machine Co., Angeles 12, Calif. New York 18, N. Y. ‘ 
East Chicago, Ind. 4725 Stenton Ave., Philadelphia Everson Filter Service Co., 214 W. Phelps Dodge Refg. Corp., 40 Mo 
ee W. 25th Place, seme — Os. Caant Huron St., Chicago, Ill. Wall St., New York, N. ¥. ; 7 
- ’ 4 effrey g. Co., Columbus, Ohio. ~—— ’ L. A. Salomon & Bros., 216 Pear 
Jeffrey Mfg. Co., Columbus, Ohio. Link-Belt Co., 2045 W. Hunting “——— Fs oo ° Co., Ine., St., New York City. te 
Lakeside Engrg. Corp., 222 West Park Ave., Philadelphia 40, Pa. Infilee Tec. 835 Ww 25th Plac Stuart Brumley Corp., 516 N. Ww 
tn ee en Il. — Governor Corp., Ashland, Chicago “in. “s ge cs lace, Charles St., Baltimore 1, Md. } 
ink-Be 0., 5 W. Huntin Mass. : } n Virginia Smelting Co., West Nor- 
Park Ave., Philadelphia, Pa. g Turbine Equipment Co., 75 West 8 pee Pn mg East 11th folk. Va. & VAI 
Permutit Co., 330 W. 42nd St., St., New York 6, N. Y. Lakeside _——— pny Wallace & Tiernan Co., Inc., New- Ce 
New York 18, N. Y. Worthington Pump & Mach. Corp., “we te a on orp., 222 West ark 1, N. J. . 
Yeomans Brothers Co., 1483 N. Harrison, N. J. he ee St. Wilson Chemical Feeders, Ince., Ch 
_ Dayton St., Chicago 22, Ill. SPRINKLING FILTERS (Sewage) N.W., Washington, D.-C.. S06 Citeten &t., Butaie, B. ©: Be 
SLU DGE DISINTEGRATORS The American Well Works, Au- C. T. McFarland Co., 528 Dwight | TESTERS (Water Meter) Fc 
Gruendler Crusher & Pulverizer rora, Ill. Bldg., Kansas City, Mo. Ford Meter Box Co., Wabash, Ind. H 
Co., 2915 N. Market St., St. Ralph B. Carter Co., 53 Park PIl., Omega Machine Co., 9% Codding Hersey Mfg. Co., E and 2nd Sts., 
Louls, Mo. New York City. St., Providence 1, R. I. South Boston 27, Mass. 
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West 
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Division of — 
National aisitable Meter Co., 4221 


ve., Brooklyn, N. Y. 

B.. Se er Co., 50 W. S0th Bt. 
J as Co. Inc., 50 Church 
it. New York 7, N. Y. 2 
eerless Pump Div., Food Ma- 
chinery Corp., 301 W. Avenue 26, 

Los Angeles ‘31, Calif. 
Equitable Meter Co., 


h 

Pitty Lexington Ave., Pittsburgh, 
Pa. 1 P. 
e 

“arlington Ave., 


Smith Mfg. Co., 545 N. 
East Orange, 


J. 
worthington - Gamon Meter Co., 
Newark, J. 
a B. Carter Co., 53 Park 


, New York City. 
cain Belt Co., 1610 W. Bruce 8t., 
Milwaukee 4, is. 
rr Co., 570 Lexington Ave., New 
rk City. 
= mae Corp., P. O. Box 300, 
Salt Lake City, Utah. 
graver Tank & Mfg. Co., 
East Chicago, Ind. 

Infilco, Inc., 325 W. 
Chicago, Ill. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 
Pacific Flush Tank Co. 4241 
Ravenswood Ave., Chicago, Il. 
a Bros. Co., 14833 N. Dayton 

, Chicago 22, IL. 
oa PIPE 
M\gee Pipe Tools. ) 


TOOLS, PNEUMATIC 
Schramm, Inc., Westchester, Pa. 


Inc., 


25th Place, 


Sullivan Machinery Co., Michigan 
City, Ind. 

TRAPS, DRIP, FLAME, 
SEDIMENT 

Automatic Control Div., Climax In- 


dustries, 1949 S. Western Ave., 


Chicago, Ill. 
Josam Mfg. Co., 1783 E. 11th St., 
4341 


Cleveland, Ohio. 
Pacific Flush Tank Co., 
Ravenswood Ave., Chicago, Il. 
— Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 

TRICKLING FILTER UNDER- 
DRAIN 

(See Filter Underdrains. ) 

TRICKLING FILTERS (High 
Rate, High Capacity) 

The American Well Works, Au- 
rora, Ill. 

Ralph B. Carter Co., 53 Park P1., 
New York City. 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 

Dorr Co., 570 Lexington Ave., 
New York City. 

Graver Tank & Mfg. Co., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill. 

» Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Co., 222 West 
Adams St., Chicago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 


TRITURATORS 

(See also Grinders) 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4 Wis. 

TUNNEL LINER PLATES 

Armco Drainage Prod. Assn., Mid- 
dietown, Ohio. 

wy MACHINERY, BORING 
Jeffrey ufo. Co., Columbus, Ohio. 


TURBINES, HYDRAULIC 

De Laval Steam Turbine Co., 
Trenton, N. J. 
Hunt, Rodney, 
Orange, Mass. 
Morris Machine Works, 
ville, N. Y. 

8. Morgan Smith Co., 
Turbine Equipment Co., 
St., New York 6. N. Y. 

TURBINES, STEAM 

De Laval Steam Turbine Cq, 
Trenton, N. J. 


Inc., 


Machine Co., 
Baldwins- 


York, Pa. 
75 West 


Morris Machine Works, Baldwins- 
ville, N. Y¥. 
Turbine Equipment a? 75 West 


St., New York 6, N. 
Worthington Pump & Mach. Corp., 
Harrison, N. J. 
VALVE BOXES 
Central Foundry Co., 386 Fourth 
Ave., New York City. 
Chapman Valve Mfg., 


Orchard, Mass. 
Waterford, N. Y. 


Eddy Valve Co., 
Ford Meter Box Co., Wabash, Ind. 


Indian 


VALVE BOX LOCATORS 


VALVE OPERATOR 
VALVES 





Hunt, Rodney, Machine Co., 
Orange, Mass. 





Iowa Vaive Co., Hubbell Bidg., 
Des Moines, Ia. 
mg Vaive Mfg. Co., 


BR. &. 
M. & H. Valve & Fittings Co., 
Anniston, Ala. 


Troy, 


Mueller Co., Chattanooga, Tenn. 
Northrop & Co., Inc., 50 Church 
St., New York 7, N, a 


Rensselaer Valve Go. , meee, 3. F. 
Vogt Brothers Mfg. Co., Louisville, 


Ky 
R. D. Wood Co., Philadelphia, Pa. 


8S. F. Ferguson, 11 Hill St., New- 
ark, N. J. 
Northrop & Co., Inc., 


St., New York City. 


50 Chureh 


(See Gate Valve Operator) 


American Car & Fdy. Co., a 
Church 8t., New York 8, N. Y. 

Anderson Valve Corp., Oliver Bidg., 
Pittsburgh, Pa. 

Armco Drainage Products 
Middletown, Ohio. 

Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Chapman Valve Mfg. Co., 
Orchard, Mass. 

Clayton Mfg. Co., Alhambra, Calif. 

Eddy Valve Co., Waterford, N. Y. 

Golden-Anderson Valve Co., 1329 
Fulton Blidg., Pittsburgh, Pa. 

Rodney Hunt Machine Co., Orange 
Mass. 

Josam Mfg. Co., 1783 E. 11th St., 
Cleveland, Ohio. 

Iowa Valve Co.,. Hubbell Bildg., 
Des Moines, Ia. 

Lombard Governor Corp., Ashland, 
Mass. 

Ludlow Valve Mfg. Co., 
N. ¥ 


M. & H. Valve & Fittings Co., 
Annistog, Ala, 

Merco Nordstrom Valve Co., 400 N. 
Lexington Ave., Pittsburgh, Pa. 

Mueller Co., Chattanooga, Tenn. 

National Machine Works, 1559 N. 
Sheffield Ave., Chicago, III. 

Peerless Pump Div., Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 

Rensselaer Valve Co., Troy, N. Y. 

Ross Valve Mfg. £0., P. O. Box 
595, Troy, N. 

Simplex Valve & Tieter Co., 68th 
ng Upland Sts., Philadelphia, 
>a. 

The A. P. Smith Mfg. Co., 545 N. 
a ne Ave., East Orange, 


S. Morgan Smith Co., York, Pa. 

Vapor Recovery Systems Co., 2820 
N. Alameda 8t., 

Vogt Bros. Mfg. Co., 
Ky. 

R. D. Wood Co., Philadelphia, Pa. 


VALVES, AIR RELEASE 
Chapman Valve Mfg. Co., Indian 


Orchard, Mass. 
Eddy Valve Co., Waterford, N. Y. 
Iowa Valve Co., Hubbell Bidg., 


Des Moines, Ia. 


Assn., 


Indian 


Troy, 


Compton, "Calif. 
Louisville, 


4 


—- Valve Mfg. Co., Troy, 
ms Be 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 


Rensselaer Valve Co., Troy, N. Y. 

Simplex Valve & Meter Co., 68th 
— Upland Sts., Philadelphia, 
>a. - 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 

ALVES, AIR & VACUUM 

Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Chapman Valve Mfg. Co., 
Orchard, Mass. 

Clayton Mfg. Co., Alhambra, Calif. 

Eddy Valve Co., Waterford, N. Y. 


< 


Indian 


Iowa Valve Co., Hubbell Bidg., 
Des Moines, Ia. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 


Rensselaer Valve Co., Troy, N. Y. 
Roots-Connersville Blower Corp., 
Connersville, Ind. 
Simplex Valve & Meter Co., 68th 
= Upland Sts., Philadelphia, 


R. ra Wood Co., 400 Chestnut St., 
Chicago, Ill. 
VALVES, ALTITUDE 
Anderson Valve Corp., Oliver Bldg., 
Pittsburgh, Pa. 
Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 


Ross Valve Mfg. 


Rensselaer "Valve %o., Troy, N. Y. 
Simplex Valve & Meter Co., h 


S. Morgan Smith Co., York, Pa. 


VALVES, BUTTERFLY 
Automatic Control Div., Climax In- 


Hunt, Rodney, 


VALVES, CHECK 


VALVES, CHLORINE 


VALVES, CONE 


VALVES, EMERGENCY TRIP 


VALVES, FLAP 





Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 

Clayton Mfg. Co., Alhambra, om. 

Golden-Anderson "Valve ope. 
1329 Fulton Bildg., Mubarak’ 
Pa. 

Northrop & Co., Inc., 50 Church 

New York 7, N. Y. 


go &..O Bes 
595, Troy, N. 


68t. 
= Upland 8ts., Philadelphia, 
a 


dustries, Pe 8S. Western Ave., 
Chicago, I 
Machine Co.,- 
Orange, Mass. 
a Valve Mfg. Co., Troy, 


Anderson Valve Corp., Oliver Bldg., 
Pittsburgh, Pa. 

Automatic Control Div., Climax In- 
dustries, 1949 8. Western Ave., 
Chicago, Ill. 

Barrett, Haentjens & Co., Hazle- 


ton, Pa, 

Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 

Clayton Mfg. Co., Alhambra, Calif. 

Connelly Iron Sponge and Governor 
Co., 8154 8. California Ave., 
Chicago, Ill. 
Fiddy Valve Co., Waterford, N. Y. 
Golden-Anderson Valve Co., 1329 
Fulton Bidg., Pittsburgh, Pa. 
Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 
Hersey Mfg. Co., E and First Sts., 
South Boston 21, Mass 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 

Josam Mfg. Co., 1783 EH. 11th S8t., 
Cleveland, Ohio 

Laer Valve Mfg. Co., 


M. & H. Valve & Fittings Co., 
Anniston, Ala 

Mueller Co., Chattanoo, a, Tenn. 

Northrup & Co., 50 hurch 8t., 
New York 7, 
Rensselaer Valve Co., Troy, Rn. Y. 

Ross \ ms. Co., Pp” ‘0. Box 
595, Troy, N. 

The A. P. "gmith “lite. © Co., 545 N. 
gutieewe Ave., ast Orange, 


J. 
8. Morgan Smith Co., York, Pa. 
Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 
R. D. Weod Co., Philadelphia, Pa. 


Troy, 


Everson Filter Service Co., 214 W. 
Huron S8t., Chicago, Il. 

Wallace & Tiernan Co., Inc., New- 
ark 1, J. 


N. 
Wilson ‘Chemical Feeders, Inc., 110 
Washington St., Buffalo, N. Y; 


American Car & Fdy. Co., 30 
Church St., New York 8, N. 

Anderson Valve OCorp., Oliver 
Bldg., Pittsburgh, Pa. 

Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 

Golden-Anderson Valve Spec. Co., 
1329 Fulton Bidg., Pittsburgh, 


Pa. 
Merco Nordstrom Valve Co., 400 
N. Lexington Ave., Pittsburgh, 


Pa. 

Peerless Pump Div., Food Machin- 
ery Corp., 301 W. Avenue 26, 
Los Angeles 31, Calif. 

Rensselaer Valve Co. ee Troy, > 7 

Ross = Mfg. Co:, P. 0. Box 
595, Troy, N. 

8. Morgan’ ‘Smith ‘Co., York, Pa. 


Valve Corp., Oliver 

Bldg., Pittsburgh, Pa. 
Clayton Mfg. Co., Alhambra, Calif. 
Golden-Anderson "Valve Spec. Co., 
1329 Fulton Bidg., Pittsburgh, 


Pa. 
Ross Valve Mfg. Co., Troy, N. Y. 


Anderson 


Anderson Valve OCorp., Oliver 
Bldg., Pittsburgh, Pa. 
Chapman Valve Mfg. Co., Indian 


Orchard, Mass. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 
Connelly Iron Sponge and Governor 
-, 8154 8. California Ave., 
Chicago, Ill. 


Eddy Valve Co., Waterford, N. Y. 
Golden-Anderson Valve Spec Co. 
— Fulton Bidg., Pittsburgh, 


a. 
Rodney Hunt Machine Co., Orange, 
Mass. 


Iowa Valve Co., Hubbell Bildg., 
Des Moines, Ia. 
Josam Mfg. Co., 1783 E. 11th 8t., 
Cleveland, Ohio. 
Troy, 


Ludlow Valve Mfg., Co., 
a Be 


M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

National Machine Works, 1559 N. 
Sheffield Ave., Chicago, Ill. 

Rensselaer Valve Co., Troy, N. Y. 


. Rensselaer Valve Co. . 





Vapor mone ag Sones Co., 2820 
N. Alameda 8St., Compton, Calif. 

Vogt Brothers ‘ute, - uis- 
ville, Ky. 
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R. D. Wood 400 Chestnut 8t., 
Philagelphian “Pa. 


VALVES, FLOAT 


Anderson Valve Corp., Oliver Bldg., 
Pittsburgh, Pa. 

Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 

Clayton Mfg. Co., Alhambra, Calif. 

Golden-Anderson "Valve Spec. 
1329 Fulton Bidg., Pittsburgh, 

Iowa Valve Co., Hubbell Bildg., 
Des Moines, Ia. 

on at Valve Mfg. Co., Troy, 


Northrop & Co., Inc., 50 Church 
St., New York 7, 1 A 

Rensselaer Valve Co., ‘Troy, ee # 

Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 

8. Morgan Smith Co., York, Pa. 


VALVES, FOOT 


Chapman Valve Mfg. Co., Indian 


Orchard, Mass. 
Eddy Valve Co., Wye. > * 


Edson Corp., 8t., South 
Boston, Mass. 
Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 
Troy, 


a ag Valve Mfg. Co., 


Me. Be 
Mueller Co., Chattanooga, Tenn. 
Northrup & Co., 80 Church 8t., 

New York 7, N. Y. 
Rensselaer Valve Co. »o Seog, NM. Y. 
R. D. Wood Co., 400 Chestnut St., 


Philadelphia, Pa. 


VALVES, FOUR WAY 


American Car & Fdy. Co., 30 
Chureh St., New York 8, N. Y. 


Anderson Valve Corp., Oliver 
Bldg., Pittsburgh, Pa 
Clayton Mfg. Co., Alhambra, Calif. 


Golden-Anderson Valve Spec. Co., 
1329 Fulton Bidg., Pittsburgh, 
Pa. 

Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill. 
B. Leopold Co., Inc., 422 First 
“Ave. oe Pittsburgh, Pa, 

Merco Nordstrom Valve Co., 400 N. 
Lexington Ave., Pittsburgh, Pa. 

Peerless Pump Div., Food Machin- 
ery Corp., 301 W. oe 26, 
Los Ang eles 31, Cali 


7 Filter Mfg. Oo., Darby, 
vabvan, GATE 
Chapman Valve Mfg. Co., Indian 


Orchard, Mass. 
Eddy Valve Co., Waterford, N. Y. 
Rodney Hunt Machine Co., Orange, 

Mass 
Iowa “Valve Co., Hubbell Bldg., 
Des Moines, Ia. 
Ludlow Valve Mfg. Co., Troy, 


N. &. ‘ 
M. & H. Valve & Fittings Co., 
Anniston, Ala. 
Mueller Co., Chattanooga, Tenn. 
Troy, N. Y. 


The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., East Orange, 
N. J. 

Vogt Brothers Mfg. Co., Louis- 
ville, Ky 


R. D. Wood Co., Philadelphia, Pa. 


VALVES, HYDRAULIC CYLIN- 


DER OPERATED 
American Car & Fay. Co., 30 
Church 8t., New York 8, N. 
Anderson Valve _ Corp., Oliver 

Bldg., Pittsburgh, Pa. 
Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 
Eddy Valve Co., Waterford, N. Y. 
Golden-Anderson Valve Spec. Co. 
1329 Fulton Bidg., Pittsburgh, 


Pa. 

Hunt, Rodney, Machine Co., 
Orange, Mass. 

Iowa alve Co., Hubbell Bidg., 


Des Moines, Ia. 

The Kennedy Valve Mfg. Co., 
Elmira, N. Y. 

Ludlow Valve Mfg. Co., Troy, 


ae 
_ & H. Valve & Fittings Co., 
Anniston, Ala. 

Merco Nordstrom Valve Co., 400 
N. Lexington Ave., Pittsburgh, 
Pa. 

Mueller Co., Chattanooga, Tenn. 

National Machine Works, 1559 N. 
Sheffield Ave., Chicago, Ill. 

Peerless Pump Div., Food Machin- 
ery Corp., 301 W. Avenue 26, 
Los Angeles 31, Calif. 

Rensselaer Valve Co., Troy N. Y. 

Ross Valve Mfg. Co., 0. Box 
595, Troy, N. Y. 

The : 4 P. Smith Mfg. Co., 545 N. 
. Ave., East Orange, 


8. Morgan Smith Co., York, Pa. 
Vo ; Brothers Mfg. Co., Louisville, 


D. Wood Co., 400 Chestnut S8t., 
‘Philadelphia, Pa. 
VALVES, LUBRICATED PLUG 
American Car & Fdy. Co., 30 
Church St., New York 8, N. Y. 


Co., 
Pittsburgh, 


Merco-Nordstrom Valve 
| Lexington Ave., 
a. 
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1 ALVES, » . Pacific Flush Tank Co., 4241 Proportioneers, Inc., 9 Codding Permutit Co., 380 
by et — Mae te | a ag Ravenswood Ave., Chicago, Ill. St., Providence, R. I. New York i8, N, fe * 42nd gy, 
Church St., New York 8, N. Y. Rensselaer Valve Oo., Troy, N. Y. Wallace & Tiernan Co., Inc., New- Proportioneers, sme. » 9 Codai 
Anderson Vaive Corp., Oliver Bidg., | 2988, Valve Mfg. Co., P. 0. Box ark 1, N. J. Providence, R. OE St, 
Pittsburgh, Pa. 8, Trey, BF | . WATER LEAK, LOCATING neers Pate Mis. co De 
Automatic Control Div., Climax In S. Mecgan Smith Co., York, Fa. INSTRUMENT mo — 
i © ; . Vapor Recovery Systems Co., 2820 > : : @ Simplex Valve & w 
dustries, 1949 S. Western Ave., N . : a Ss. F. ated 11 Hill St., eter Co 
Chicago, Ill. N. Alameda St,, Compton, Calif. Newark 2, N. J. , and Upland Sts., — 
Chapman Valve Mfg. Co., Indian | VALVES, RUBBER, GLASS AND Fisher Research Lab., 1961-63-65 s Pa. B HE 
Orchard, Mass. LEAD LINED University Ave., Palo Alto, Calif. es rumley  Corp., y 
Eddy Valve Co., Waterford, N. Y. American Hard Rubber Co., 11 Northrop & Co.,' Ine., 50 Church Charles St., Baltimore 1," me mut 
Golden-Anderson Valve Spec. Co.,* Mercer St., New York 13, N. Y. St., New York 7, N. Y. ae eg Equipment o. a West r 
1329 Fulton Bldg., Pittsburgh, Anderson Valve Corp., Oliver Pitometer Co., 50 Chureh St., New Vs ae rer York 6, N, Y, wate 
Pa, Bidg., Pittsburgh, ba. York City. V o> ace & Tiernan Co., Ine bodies 
Hunt, Rodney, Machine Co., Automatic Control Div., Climax in- Simplex Valve & Meter Co., 68th was N. J. thor’ 
Orange, Mass. dustries, 1949 S. Western Ave., and Upland Sts., Philadelphia, —— Mates Bt Feeders, Ine au 
Iowa Valve Co., Hubbell Bldg., Chicago, Ill. oA ng Buffalo, N, The 
Des Moines, Ia. Golden-Anderson Valve Spec. Co., WATER LEVEL RECORDERS — 1ington Pump & Mach, Cory to the 
Ludlow Valve Mfg. Co., Troy, 1329 Fulton Bldg., Pittsburgh, Bailey Meter Co., 1072 Ivanhoe arrison, N. J. ee 
mR Pa. Rd., Cleveland, Ohio. — vera. Oo,, 10 Cedar scribec 
erco Nordstrom Valve Co., 400 Grinnell Co., Inc., 260 W. Ex- Builders-Providence, Inc., 9 Cod- p mm 
N. Lexington Ave., Pittsburgh, change St., Providence, R. I. ding St., Providence, R. I. WATER STABILIZATION Co u 
Pa Iowa Valve Co., Hubbell Bldg., Infileo, Inc., 325 W. 25th Place, | The American Well Works, dy. Accou 
Muelier Co., Chattanooga, Tenn. Des Moines, Ia. Chicago, Ill. rora, Ill. ciation 
National Machine Works, '1559 N. | Johns-Manville, 22 BE. 40th St., | Luther & Wood, 1427 Eye St. | Dearborn Ohemical Co, si , a reg 
Sheffield Ave., Chicago, Ill. New York, N. Y. N.W., Washington, D. C. _ Michigan Ave., Chicago, Ii, m i 
Peerless Pump Div., Food Machin- | 8. Morgan Smith, York, Pa. Pacific’ Flush Tank Co., 4241] Calgon, Ine., Hagan’ Bldg., Pity chargé 
ery Corp., 301 Ww. Avenue 26, | VALVES, SPECIAL, AUTOMATIC Ravenswood Ave., Chicago, Il. purgh, Pa. <0 D 
Los Angeles 31, Calif. (Including Remote Control.) Simplex Valve & Meter Co., 68th | Dorr Co: O10 Lexington Ay ep 
Rensselaer Valve Co., Troy, N. ¥. | Anderson Valve Corp., Oliver and Upland Sts., Philadelphia, ~~ ee ing cc 
Ross Valve Mfg. Co., P. 0. Box Bldg., Pittsburgh, Pa. Pa. Graver Tank & “Mfg. Co., Ine ? ma 
595, Troy, N. Y. Barrett, Haentjens & Co., Hazle- R. W. Sparling, Box 3277 Termi- — qatcage. Ind. to 
The A. P. Smith Mfg. Co., 545 N. ton, Pa, nal Annex, Los Angeles, Calif. ee ie deprec 
Grtieaten Ave., cast Orange, Clayton Mfg. Co., Alhambra, Calif. | wATER MAIN CLEANING c “F tevoriend Co., 523 Dwi among 
- Golden-Anderson Valve Spec. Co., Flexible Underground Pipe Clean- "Bide. a Ct. ee 
8 a Smith Co. York, Pa 1329 Fult Bld Pittsburgh ~ ~ a I Bldg., Kansas City, Mo, to son 
R. D. Wood Co., 400 Chestnut Pa a ing Ge. 9059, Venice Blvd., Los Permutit Co., 330 W. 42nd naar’ 
St., Phi -_ ' Angeles, Cali New York 18, N. Y. | 
; Ry Philadelphia, Pa. Iowa Valve Co., Hubbell Bldg., National Water Main Cleaning oy Vogt Mfg. Co. Loutevite, kK er 
VALVES, MUD AND PLUG Des Moines, Iowa. 30 Church St., New York 7, } gy Ta ma very 
“aon st. ~~ re a Nat ‘New York ra —— Stuart Brumley Corp., sis. §. St., New York 6, N.Y. valual 
ch ew ork 8, N 3 29 2 Se we ° y $t., ; ‘ ‘ 
Anderson Valve  Corp., Sitvas Ross Valve Mfg. Co., P. O. Box ‘ Canaries pas Baltimore 1, Md WATER SU ——". CONTR ACTIN The 
Bldg., Pittsburgh, Pa 595, Troy, N. Y. WATERPROOFING PAINTS, | Ambursep eng x yale shows 
Chap a ae eas i 2 © COMPOUNDS AND MATERI- Ave., New York, N. Y, - 
=. Vases Mfg. Co., Indian _— ra * 7. 5 a ALS Layne & Bowler, Inc., P. 0. Bar lation 
rehard, ass, organ Smith Co. ork, Pa. a 215, - ae 
Eddy Valve Co., Waterford, N. y. | VALVES, WATER METER Dearborn Chemttnl Co, S &. + ~~ Po 
Rodney Hunt Machine Co., Orange SPECIAL _ Michigan Ave., Chicago, ill. , Rae AT 7 P 
Mass, Ford Meter Box Co., Wabash, Ind. General Paint Corp., Cleveland, 0. WATER TREATMENT FOR Under 
Jowa Valve Co., Hubbell Bidg., | VARIABLE SPEED TRANS- Johns-Manville, 22 E. 40th St. | SCALE AND CORROSION 25,000 
Des Moines, Ia. ? MISSIONS me. pus Soe. o. - ba ae 7 Hagan Bldg., Pitts 50,000 
Ludlow Valv . > Je whine © eilly Tar them. Corp., Mer- yurgh, Pa. , 0, 
me. me ive Mfg. Co., Troy, ae F , a 4 Me hiladelphia chants Bank Bldg., Indianapolis. Dearborn Chemical Co., 310 § N00 
Merco Nordstrom Valve Co., 400 44, Pa ‘ Servicised Products Corp., 6051 W. Michigan Ave., Chicago, I). 900,00 
N. Lexingt ‘Relt © = ‘4 ; 65th St., Chicago, Ill. General Chemical Co., 40 Rectyr ean’ 
gton Ave. Pittsburgh, Link-Belt Co., 2045 W. Hunting : : z York 6, N. Y. 300,00 
Pa. Park Ave., Philadelphia 40, Pa, | Stuart Brumley Corp., 516 N. an eS 400,00 
M. & H. Valve & Fittings Co. Lombard Governor Corp., Ashland, Charles St., Baltimore 1, Md. Graver Tank & Mfg. Co., Ine, 500,00 
Anniston, Ala, ; Mass. WATER SOFTENING CHEMI- mat Clieege, 50°00 
Mueller Co., Chattanooga, Tenn. | Omega Machine Co., 9 Codding St. | CALS AND COMPOUNDS — SS ee Geer 
National Machine Works, 1559 N. Providence 1, R. I. Calgon, Inc., Hagan Bldg., Pitts- wa’ & zi i C 
, Sheffield Ave., Chicago, Ill. VENTURI TUBES burgh, Pa. Lakeside ne ohbace til = 
Peerless Pump Div., Food Machin- Bailey Meter Co., 1072 Ivanhoe, Dearborn Chemical Co., 310 S. m4 am 5. . 
ery Corp., 301 W. Avenue 26, Cleveland, Ohio. Michigan Ave., Chicago, II. i Ww esth. Place Chicago, Ill , Tl 
Los Angeles 31, Calif. Builders-Providence, Inc., 9 Cod- Everson Filter Service Co., 214 W. Ming tit C . 230 W 42nd & 1 
Rensselaer Valve Co., Troy, N. Y. ding St. Providence, R. I. Huron St., Chicago, Ill. = ory ork 8 NY : a show 
Roberts Filter Mfg. Co., Darby, Chemical Equipment Co., P. 0. Box Infileo, Inc., 325 W. 25th Place, Sty 4 - les 46 Cor 518 Xx 
_ Pa. 3098, Terminal Annex, Los An- Chicago, Il. Stuar 1 St. 4 Iti on 1. Ma ; . 
Vogt Brothers Mfg. Co., Louis- geles 12, Calif. Graver Tank & Mfg. Co., Ine., Char -— j cs . 6 75 Wee Sta 
. Ky Infileo, iInc., 325 W. 25th Place, East Chicago, ind. one le oa"taek © .Y. oo We _— 
ES, PRESSURE : Chicago, Ill. Lakeside Engineering Corp., 22: N a Ark 
Anderson Valve Corp., ay — Luther & Wood, 1427 Eye St. W. Adams St., Chicago, Ill. — Pa ‘0., 140 Cedar Calif 
Pittsburgh, Pa. és N.W., Washington, D. C. Luther & Wood, 1427 Eye St. WATER ef BRE PLANTS Color 
“ae Control Div. Climax In- Simplex Valve & Meter Co., 68th eae ho =. _— (Steel) we 
dustries, 1949 §S. ye -_ and Upland Sts., Philadelphia, Mathieson Alkali forks, & Sas , P Flor 
Chicago, Ill. wae ae lbs: 42nd St... New York City. a gee “ae Idahe 
Bailey Meter Co. VIBRATING SCREENS (Liquid) National Aluminate Corp., 6221 W. : : ~ 
Rd., Cleveland, Onis. 1**™™°® | Link Belt Co., 307 N. Michigan 66 Place, Chicago, Ill. WATER WASts Steve &. en 
Chapman Valve Mfg. Co., Indian Ave., Chicago 1, Ill. Gusgn Haskins pag Codding St., © raat oN. J. lowa 
Orchard, Mass. ’ , , 2 Providence 1, R. I. . ee 
Clayton Mfg. Co., Alhambra, Calif. Vee ONETIC reapenueet Permutit £o., 330 W. 42nd 8t., iron ols.” slcataaiy: — Kent 
Connelly Iron Sponge and Governor Jeffrey Mfg. Co., Columbus, Ohio. New York 18, N. ¥. a Simplex Valve & Meter Co., 68th Loui 
Co., 3154 S. California Ave., Link-Belt Co 29045 W. Hunting Pittsburgh Plate Glass Co., Colum- & Upland Sts., Philadelphia, Pt 
Chicago, Ml. “Rask Ave Philadelphia 40. Pa bia Chemical Div., Grant Bldg., ‘ATHERPROOF PAINTS, Mair 
Golden-Anderson Valve Spec. Co VICES PIPE . ; Pittsburgh 19, Pa. bef COATINGS i 
- or . o q y n , 
= % Fulton Bldg., Pittsburgh, Ridge Tool Co., Elyria, Ohio. oeeet Brumley Corp., Baltimore, Semanal Paint Corp. 3001 Mayfield Mic 
Hagan Corp., Hag tte. | VITRIFIED CLAY PIPE AND Tennessee Corp., 621 Grant Bldg., Rd., Cleveland, Ohio. Min 
aly zp gan Bldg., Pitts PRODUCTS promo Gat Johns-Manville, 22 E. 40th &, Mins 
Hays Mfg. Co., Erie, Pa, Nat'l Clay Pipe Mfrs., Ine., 111 Zeolite Chemical Co., 140 Cedar New York City. 1 Mer. Miss 
Johnston & Jennings Co., 877 Ad- W. Washington St., Chie ago, Ill. St., New York 6, N. Y. Reilly Tar & Chemical romans a Mon 
., dison Rd., Cleveland, Ohio. WASTE GAS BURNERS qou, | WATER SOFTENING So eS oe ee , 
Mueller Co., Decatur, II. Pacific ‘lush fan 40.» 3QUIPMEN 
Northrop & Co., Inc., 50 Church Ravenswood Ave., Chicago, II. ™ Zanes Well Works, Au- Wwres, a P. 0. Ba ba 
St., New York 7, N. Y. Vapor Recovery Systems Co., 2820 ee . Layne-Bowler, Inc Memphis § to a 
Pacific Flush Tank Co., 4241 N. Alameda St., Compton, Calif. Builders-Providence, Inc., 9 Cod- | _ Holly wood =, ay of : 
Ravenswood Ave., Chicago, Ill. | WATER ANALYSIS EQUIPMENT ding St., Providence, R. I. > ” 
Rensselaer Valve Co., Troy, N. Y. AND REAGENTS Ralp B. Carter Co., 53 Park PL, WRAPT ING, i ing) can, 
Ross" Valve Mfg. Co., P. O. Box Chemlab Specialties Co., 52 Alva- New York City. WRENCHES, REVERSIBLE in t 
595, Troy, N. Y rado Road, Berkeley, Calif. Chain Belt Co., 1610 W. Bruce RATCHET ¥ 
S. Morgan Smith, York, Pa. General Chemical Co., 40 Rector St., Milwaukee 4, Wis. a tne C Bradford, Pa. 
Vapor Recovery Systems Co., 2820 St., New York 6, N. Y. Chem - Feeds-Inc., 77 Reservoir Dresser Mfg. ny — ; 1 
N. Alameda St., Compton, Calif. Hellige Inc., 3718 Northern Blvd., Ave., Providence, R. I. WROUGHT IRON (Pipe, Gates, met 
VALVES, RELIEF Long Island City, N. Y. Chemical Equipment Co., P. 0. Bars, Ete.) : Big 4 
Anderson Valve Corp., Oliver Luther & Wood, 1427 Eye St. Box 3098, Terminal Annex, Los A. M. Byers Co., Clark Is o 
Bldg., Pittsburgh. Pa. N.W., Washington, D. C. Angeles 12, Calif. Pittsburgh, Pa. 3 
Automatic Control Div., Climax In- Northrop & Co., Inc., 50 Church Dorr Co., Inc., 570 Lexington Ave., | ZEOLITE AND ZEOLITE sys' 
dustries, 1949 S. Western Ave., St., New York 7, N. Y. New York City. SOFTENERS 0 ik 
Chicago, Ill. Permutit Co., 330 W. 42nd S8t., Everson Mfg., Co,. 214 W. Huron Chemical Equipment Co., Le 4 
Chapman Valve Mfg. Co., Indian New York City. St., Chicago, Il. Box 3008, Terminal Annex, * dep 
Orchard, Mass. Phipps & Bird, Ine., Sixth & Graver Tank & Mfg. Co., Inc., Angeles 12, Calif. . 
Clayton Mfg. Co., Alhambra, Calif. Byrd, Richmond, Va. East Chicago, Ind. Graver Tank & Mfg. Co., Int, _ 
Golden-Anderson Valve Spec. Co., W. A. Taylor & Co., 7300 York Infileo, Inc., 325 W. 25th Place, East Chicago, Ind. » tior 
1329 Fulton Bldg., Pittsburgh, Rd., Baltimore, Md. Chicago, Til. Infileo, Inc., 325 W. 25th Place. é 
Pa. Wallace & Tiernan Co., _ Inc., Jeffrey Mfg. Co., Columbus, Ohio. Chicago, Tl. 
Hays Mfg. Co., Erie. Pa Newark 1, N. J. Lakeside Engrg. Corp., 222 W. Lakeside Engrg. _Corp., 222 West dep 
Iowa Valve Co., Hubbell Bldg., Wilson Chemical Feeders,  Inc., Adams” St., Chicago, Ill. Adams St., Chicago, Ill. bei 
Des Moines, Ia. 204 Clinton St., Buffalo, N. Y. F. B. Leopold Co., Inc., 422 First Permutit Co., 330 W. 42nd St. : 
Johnston & Jennings Co., 877 Addi- | WATER HAMMER ARRESTERS Ave., Pittsburgh, Pa. New York 18, N. Y. 7 
son Rd., Cleveland, Ohio. Josam Mfg. Co., 1783 E. 11th St., Link Belt Co., 2045 W. Hunting Roberts Filter Mfg. Co., Darby, of 
Lombard Governor Corp., Ashland, Cleveland, Ohio. Park Ave., Philadelphia, Pa. Pa. oa a 4 
Mass. S. Morgan Smith Co., York, Pa. Cc. T. MeFariand Co., 523 Dwight Turbine mueaent Co., 75 en W; 
Ladiow Valve Mfg. Co., Troy, | WATER MAIN Bldg., Kansas City, Mo. St.. New York 6, N. of 
STERILIZATION (A Service) Nooter, John, Boiler Works Co., Worthington Pump & Mach. Corp. 
Musil’ Co., Decatur, Il. Luther & Wood, 310 Chandler 1410 2nd St., St. Louis 4, Mo. Harrison, N. J. r _ é 
Northrop & Co., Inec., 50 Church Bldg., 1427 Eye St., N. W., Omega Machine Co., 3409 E. 18th, Zeolite Chemie al Co., 140 © 
St., New York 7, N. Y. Washington, D. C. Kansas City, Mo. St., New York 6, N. Y. 
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HERE is a wide diversity in accounting practice among 

municipal water utilities. Most, if not all, privately owned 
water properties are under the jurisdiction of state regulatory 
bodies and follow accounting practices prescribed by such 
authorities. , : 

There is little uniformity among water departments in regard 
to the use of a_standard accounting system such as that pre- 
scribed by the National Association of Railroad and Utilities 
Commissioners or as suggested in the Manual of Water Works 
Accounting, published by the Municipal Finance Officers Asso- 
ciation and the AWWA. The same lack of uniformity exists 
in regard to the handling of annual retirement or depreciation 
charges, and the creation of a retirement or depreciation reserve. 

Depreciation losses are of such great importance in determin- 
ing cost of service, adequacy of rates, etc., that it was decided 
to make an attempt to ascertain, as nearly as possible, how 
depreciation is being handled in present-day accounting practice 
among municipal water utilities. A questionnaire was sent out 
to some 275 cities, and 145 (or slightly over 52.5 per cent) were 
returned with pertinent information. This is believed to be a 
very satisfactory response, particularly now when time is in- 
valuable and some research may be required to answer them. 
The information obtained is enlightening. The following table 
shows the number of cities reporting for several ranges in popu- 


lation. 





No. 
Population Reporting 

Pt i és cb CcbeUhTd sees <daxddecedunebedentineeteuee ee 43 
TGOO 00 FOOD... crccccesvccvccccccccscccccccnccescccccecs 35 
SE GD DOG e ce ve cesewereessecesressbcesccscceneceencess 26 
na Snkpe tine teaecbh kal es tet kaeG Saeed wbnloak 11 
i thd 6 ane anieidee me aheeeia ee ep miencaane euwaeetel 7 
Oe CN, 6.666 eth CRA OCS RECEP CERES RREERRR Shp RS 7 
a it 66s HARES eet R athe eee Ke ekeci eee 6 
SN eS ol bh Es, 0 acer 6a een le Oe a A AA Cee 2 
i i Pe aes bch RSE h eNOS EC NO RONNEEEaSER SSO ene ck 3 
Oh Ce 66a che sd ede etree es aekenase duende saeaban 3 
tt PE 656% 660 DWEdesreheeetindeetoheeenns Keeede ncaa 2 
 -GCictcawdeed t0ddcondbekdeecnd ded ceetan eee 145 


The geographical distribution of the 145 cities reporting is 
shown in the following list: 


No. No. 
State Reporting State Reporting 

Re eee 1 EE ee et eee 5 
DD 6cccavscacavee 1 New Hampshire ....... 2 
Ee 9 INOW SOUBOY oc ccccccece 4 
ee 4 ff ear 4 
PR scccceccaced 2 North Carolina ........ 1 
Dt sctvedeesewe cee 4 North Dakota ......... 3 
ae eee 2 _ _ nse ae 3 
ae 7 RE er 3 
DL txenebec0cnemees 2 Saree 2 
RS eee 7 a 2 
PE ceils aheagetikhs 8 South Carolina ........ 2 
eee 2 South Dakota .......... 1 
ere 1 (ree 4 
PD setheceudees bens 2 MY eutaunedséavekeos 7 
cides <oadaae 2 SE © sito adie Maid eae egies 1 
Massachusetts ......... 4 RD sidivicn da wa aen al 3 
ee 7 Li ere 4 
NS i ae 4 West Virginia ......... 1 
I REN 1 ED ads ie hed wn 10 
DE bck ceideen chews 6 , ere 1 
Ee 4 


The information received is representative geographically, but 
to a lesser extent as to the size-range of cities, because of lack 
of specific reports from the smaller municipalities. The data 
can, however, be considered as representative of average practice 
in the larger cities of the country. 

The questions asked in the questionnaire were: 

1. Do you make an annual charge to* operations for retire- 
ments (annual depreciation charge) ? 

2. If so, how is amount determined? 

3. What is the book value of depreciable property in your 
system? (Total of physical property exclusive of land.) 

4. What is amount set aside each year for retirement or 
depreciation ? e 
_5. What is the present balance in your retirement or deprecia- 
tion reserve account? 

6. Do you carry an actual cash reserve for retirements or 
depreciation, or do you carry merely a book figure, the money 
being used for plant extensions ? 

7. Do you keep books in accordance with any standard system 
of accounts such as that outlined in the AWWA Manual of 
Water Works Accounting or that of the National Association 
of Railroad and Utilities Commissioners? Name? 

8. Have you ever had your system appraised to determine its 
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actual cost and the total amount of accrued depreciation existing 
in the system? 


Replies 

Answers to question No. 1 show that out of the 145 cities 
reporting, 107, or 73.8 per cent, make an annual charge to opera- 
tions for depreciation. 

Answers to question No. 2 indicate that approximately 70, or 
65 per cent of the 107 cities making such annual charges for 
retirement or depreciation, calculated the amount by applying an 
annual percentage rate to the total book figures for each of the 
major accounts or like groups of property. The other 37 cities 
used various methods, some applying a fixed percentage to the 
entire capital account shown in the books, while others applied 
it to the depreciable property portion of the total capital account 
only. Some of the cities use a flat figure annually, the amount 
varying in some cases from year to year. Others used some 
modification of the different methods mentioned above. 

Twenty-five cities out of a total of 70 cities that apply an 
annual rate to major accounts reported the annual rates used. 
These are summarized as follows: : 
PERCENTAGES USED IN DETERMINING ANNUAL ALLOW- 

ANCE FOR RETIREMENT OR DEPRECIATION 


Percentage Annual Allowance 
for Depreciation 





Mini- Maxi- Aver- 
Class of Property mum mum age 
Structures: 
DD cistiateccknkeewaseneeee 1.33 3.0 1.98 
Dams and tunnels, etc............ 0.80 1.0 0.90 
WE thisteseeivanenee kacaeew akon 3.00 7.0 3.94 
Pumping equipment ............... 2.00 10.0 4.37 
rer ree 0.67 2.0 1.29 
WEE. Secndieteksse¥awnasss -. 1.00 2.0 1.52 
Services .. 1.50 6.5 3.21 
err rr re 2.00 10.0 4.21 
Hydrants 1.33 5.0 1.99 
Furniture and fixtures............. 3.00 10.0 7.61 
Transportation equipment ......... 10.00 25.0 17.60 


The percentages listed above were probably determined by 
several different methods, but the amounts indicate a mixture of 
sinking-fund and straight-line rates, the latter being more pre- 
dominant. The average composite annual rate, expressed as a 
percentage of depreciable property for 100 of the 107 cities 
making annual allowances for depreciation, was approximately 
1.77 per cent per year. This is,- generally speaking, higher than 
composite rates allowed by regulatory commissions in determi- 
nation of rates for private companies. As the above rate of 1.77 
per cent is a weighted average of all of the 97 cities, inference 
should not be made that all of the rates applied are too high. 
As a matter of fact, all data obtained from this survey should 
be considered as average mass data, and indicating only the 
general and average situation, and should be applied to individual 
cases only on that basis. 

Answers to question No. 3, in regard to book value of depre- 
ciable plant, show that the total book value of depreciable prop-. 
erty in all of the 107 cities maintaining a depreciation reserve 
and making annual allowances for retirement or depreciation, is 
$1,047,000,000. This represents 77.8 per cent of the value of 
depreciable property in all of the 145 cities reporting, which 
amounts to $1,346,000,000. The total book value of depreciable 
property in cities where no reserve is maintained for retirement 
or depreciation is $299,600,000, or 22.2 per cent of the total in 
the 145 cities. 


Per Capita Book Value ‘ 


The population in the 107 cities which maintain retirement or 
depreciation reserves was, as of 1940, 13,986,182, or 76.1 per 
cent of the total for all 145 cities of 18,383,826. The average 
per capita book value of depreciable property in these cities 
is approximately $75. The population of the 38 cities in which 
no retirement or depreciation reserve is carried on the book 
was 4,397,644, or 23.9 per cent of the total population of all the 
cities reporting. The average per capita book value of depre- 
ciable property in this group of cities is approximately $68. 

The reasons for the difference in per capita book value of 
the two groups of cities is not clear but may be due to a greater 
cost of supply works in the larger group and to some extent to 
the accounting practice of both groups. The above figures indi- 
cate clearly that the data obtained in the survey are influenced 
by practice in the larger cities. The recognition of the need for 
making charges for retirement or depreciation, and creating a 
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reserve for that purpose, would be even less general in the 

smaller cities, which make up the majority of the total number 
of water utilities in the country, than in the larger ones rep- 
resented in this survey. 

Answers to question No. 4, regarding the amount set aside 
each year for retirement or depreciation, totaled for 97 of the 
107 cities reporting such charges, $17,747,607, or 1.77 per cent 
of the total book value of depreciable property in the same cities. 
This percentage (1.77 per cent) represents the average of all 97 
cities, and many of them have individual annual allowances 
much higher. As a matter of fact, the composite figure of 1.77 
per cent is considerably higher than the composite percentage 
used in a number of cities which are following schedules recom- 
mended by their state regulatory body. 

Answers to question No. 5, in regard to the amount of balances 
in the retirement or depreciation reserve, show that the total of 
all balances for 100 of the 107 cities having such balances is 
$254,297,972, or 27 per cent of the total book value of depreciable 
property in those cities. The retirement or depreciation reserve 
of 27 per cent indicates unnecessarily large reserves, a subject 
which will be discussed later. 

Answers to question No. 6, regarding the character of the 
reserve, i.e., whether merely a book figure, the cash being used 
for extensions or debt retirement, or whether an actual cash 
reserve, show that of the 107 cities reporting, 16 cities carry 
the reserve as cash, 87 cities carry the reserve as a book 
figure and 4 cities do not state how the reserve is handled. 
Approximately 84.5 per cent of those cities reporting an annual 
retirement of depreciation allowance carry only a book figure 
for the reserve, the money being used for replacements and 
extensions or for debt retirement. 

Among the 107 cities carrying a retirement or depreciation 
reserve, there are three commonly used methods in which ac- 
counting for depreciation is shown on the balance sheet. These 
methods are: 

1. The inclusion of the total capital investment in the property 
as an asset, the liability due to accrued depreciation being shown 
as a reserve for depreciation under liabilities. 

2. The inclusion of the total capital investment in the property 
as a sub-total under assets from which is deducted the accumu- 
lated reserve for depreciation, the net remaining capital invest- 
ment then appearing as a net asset in the total assets. 

3. The inclusion as a net asset of the net remaining capital 
investment after depreciation as of the date of the balance sheet. 
no reference being made to the accrued amount or annual rate 
for depreciation. 

Methods 1 and 2 give a complete and true statement of the 
financial position of the property so far as physical plant and 
the reserve are concerned. Method 3 does not show a complete 
record of physical plant costs and in case the accruals to the 
reserve (deductions from capital investment) are either too 
small or too large, the statement of plant account is also respec- 
tively too large or too small. The plant account should be 
corrected annually to reflect actual additions and retirements, and 
not be influenced in total by the retirement or depreciation 
reserve. The determination of the adequacy to the reserve will 
be discussed later in this paper. 

Answers to question No. 7, regarding system of accounts used, 
indicate that 90 out of the 145 cities reporting, or 62 per cent, are 
using some standard bookkeeping system such as that prescribed 
hy the NARUC, the Manual of Water Works Accounting or 
by their respective state regulatory bodies. Certain others are 
using some modification of some of the above mentioned systems, 
set up by their accountants or auditors. 


Lack of Uniformity 


It is apparent that there is a decided lack of uniformity in 
accounting practices in the 145 cities reporting and that it would 
be désirable to have all water utility properties operated at least 
reasonably close to some standard uniform system of accounts. 
Unless some uniform system of accounting is adhered to, it is 
impossible to make an intelligent comparison of costs and other 
statistical data involved in the accounting. 

Since a majority of the cities that are following some standard 
uniform system of accounting are using that of the NARUC, 
for adaptations thereof by state regulatory bodies, it would seem 
that this would be a good system for cities to adopt if a change 
is made. The use of an expert accountant versed in utility ac- 
counting is always desirable, particularly in setting up a system 
of accounts. 

Answers to question No. 8 show that 52 of the 145 cities- 
reporting, or approximately 36 per cent, have had appraisals 
made of their property. The greater part of these had been 
made at the time of acquisition. Very few appraisals or determi- 
nations of the actual accrued depreciation existing in the respec- 
tive systems had been made in the last 10 years. 
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The information obtained from the surv : 
preceding paragraphs is summarized in Table L. oe ae 
Before analyzing the facts disclosed from the survey in 
to the adequacy of annual allowances and reserves for retin 
or depreciation, it would be well to review the definitj 
depreciation and the reasons for accounting for it. a 
Depreciation has been defined as “the loss in service value 
restored by current maintenance.” Among the general 
to be given consideration are wear and tear, decay, action of 
elements, inadequacy, .obsolescence, changes in the art pe > 
in the demand and requirements of public authorities. The = 
bined effect of such causes is called depreciation. ral 


Summary of Data Obtained from Survey 


Pet. of 

(1) Cities making annual charge for retire- Total 
aan or depreciation and having a re- 

(2) Cities not making annual charge for re- " a4 
tirement or depreciation and not hav- 

1X are 38 2% 

Total number of cities reporting......... 145 100 

Total number of states represented...... 41 1 

Total book value depreciable property in . 

(1) above (107 cities)................... $1,047,000,000 775 

Total book value depreciable property in = 

CP BOOTS CEE CUUIII 006. ccccccssececsss $ 299,600,000 22.9 

Total book value depreciable property in 7 

all cities reporting (145 cities)......... $1,346,600,000 100.9 


Population (1940) of cities in (1) above.. 
Population (1940) of cities in (2) above.. 
Total population (1940) of all cities re— 

ey, a FO eee eres 
Total amount of retirement or deprecia- 

reserve in (1) above (includes 100 out 

Oe Oe Se ncdenchascachabscdesdounsaa $ 254,297,972 
Ratio of reserve to depreciable property 

in (1) above (includes 100 out of 107 

IE: I is i a a 
Total amount of annual allowance for re- 

tirement or depreciation in (1) above 

(includes 97 out of 107 cities).......... $ 17,747,607 
Ratio of total annual allowance to total 

depreciable property in (1) above (in- 

cludes 97 out of 107 cities) percentage.. 1.77 
Percentage of (1) (107 cities) basing an- 

nual retirement or depreciation allow- 

ance upon percentages applied to major 

accounts or like groups of property... 65 
Percentage of (1) (107 cities) carrying 

retirement or depreciation reserve as 

_ s... §& Bere ers 84.5 
Percentage of (1) above (107 cities) car- 

rying cash retirement or depreciation 


13,986,182 16.1 
4,397,644 934 


18,383,826 1009 


COGS. as 6ennnedsd0sececcesavesceteses 15.5 
Percentage of (1) above (107 cities) using 

some standard system of uniform ac- 

CE Sccuvckasecadankehekudanieenene 62.0 
Percentage of total cities reporting (145 

cities) having had systems appraised... 36.0 


Causes of Depreciation 


The general causes of depreciation have been logically classi- 
fied into two general groups by Marston and Agg.* This 
classification as given by the above authority is: 

(1) Physical Causes— 
(a) Sudden physical damage, due to 
1. Miscellaneous accidents 
2. Disasters 
(b) Physical decrepitude, due to 
1. Physical deterioration, due to action of the ele- 
ments, etc. 
2. Wear and tear 
(2) Functional Causes— 
(a) Functional inefficiency, due to 
1. Inadequacy 
2. Obsoleteness 
3. Supersession 


The division of causes of retirement into physical and funec- 
tional is a natural one,.as the service life of any unit of property 
ad be, and usually is, determined by one independently of the 
other. 

Depreciation is generally recognized as an increment of cost 
in all commercial business where physical property is involved. 
In the utility field, physical property constitutes a major part 
of the investment required to produce and distribute the com- 
modity sold or the service rendered; therefore, it is especially 
important that the matter of depreciation be considered in the 
accounting connected with such enterprises. 

The cost of service in any utility includes, among other things, 
materials used up in service. These materials include not only 
fuel, such as coal, oil or gas, but also physical property such as 
pumping stations, distribution mains, etc., the cost of which 
includes an increment of labor required to place them in service. 





*Marston, Anson & Agg, Thomas R. Engineering Valuation. 
McGraw-Hill Book Co., Inc., New York and London (1936). 
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the case of the fuels mentioned, it is easy to get the actual 
cost of the material used up in service, and very properly such 
costs are included in routine operating expenses. 

The value of physical property such as that involved in pump- 
ing stations, pumping equipment, distribution mains, etc., is 
ysed up in service just as the fuels mentioned, although their 
consumption takes place over much longer periods, individual 
items having different lengths of service lives. Nevertheless, the 

rtion of the service value of such items used up in service 
each year should be charged to operating expenses and made 
an increment of the cost of the commodity furnished, which is 
water in the example under consideration. This can only be 
done by accounting for depreciation. The setting up on the 
halance sheet of a reserve for the accrued depreciation existing 
in the property is in accord with the method of double-entry 
pookkeeping on the accrual basis which gives a complete and 
true picture of the financial position of the utility. 

That depreciation takes place is a matter of common knowl- 
edge. It seems also as apparent that it should be considered as 
part of the cost of service, and that such increment of the total 
cost should be reflected in rates charged for the commodity sold. 
It has been and now is so considered by courts and commissions 
in the regulation of rates, and it is surprising that such a large 
number of cities do not consider the item of depreciation as an 
element of operating costs. 


Plan for Depreciation 


It is frequently stated that a city that is retiring its indebted- 
ness does not need to take account of depreciation. There is 
enough apparent justification for such a statement to make it 
seem reasonable, although the premise is illogical. Assuming the 
money used for debt retirements comes from revenue, and that 
the annual amount of such retirements equals or exceeds the 
annual amount of depreciation accruing, it is true that the cus- 
tomers are contributing through rates paid for service an amount 
equivalent to a charge for depreciation. 

Therefore, from the standpoint of adequacy of rates, the 
statement that if indebtedness is being retired, depreciation does 
not have to be accounted for, may be partially correct. It would 
be better practice, however, to carry a depreciation reserve and 
also a reserve for extensions and debt retirements on the books, 
the cash being applied to replacements, extensions or retirement 
of debt. Such a plan would allow the book records to reflect the 
true financial condition of the property at any time. The prac- 
tice of not accounting for depreciation makes the statement of 
the financial position of the utility inaccurate. 

Many cities have financed water systems from proceeds from 

general obligation bonds, and the interest and retirement charges 
are paid from funds acquired by taxation or by contributions 
from the water department to the general funds, or from both 
sources. Many such cities make no accounting for depreciation, 
nor do they keep books on any standard system of accounting. 
_ It would be much better if some uniform system of account- 
ing were adopted by means of which depreciation and other 
items are accounted for in a proper manner. Under such a plan, 
the utility accounting can be maintained on a basis that reflects 
the true financial condition of the utility, and one that is not 
influenced by the debt situation, which varies among cities and 
changes from year to year in each system. 

Regardless of the debt structure, the utility accounting can 
be on a proper basis, the contribution of funds to meet debt 
obligations being made by cash from any reserve fund created. 
The point is that the accounting, so far as the utility is con- 
cerned, should be based upon the operation of the utility itself, 
and not governed by the financial situation that may exist as to 
debt service. 

As stated above, it is common knowledge that depreciation in 
any physical plant does take place, and it would seem to be as 
apparent that the loss in service value due to it should be ac- 
counted for and made part of the cost of service. The deter- 
mination of the proper amount to charge operations each year 
due to depreciation losses is not a simple one. 

The rate at which materials and equipment depreciate or suffer 
loss in service value differs in all utility systems. This is true 
so far as physical causes are concerned and to a much greater 
extent from those of a functidnal nature. A water system in a 
rapidly rowing city will usually have more accruing losses in 
service value than one of slower growth. This is due to the fact 
that pumps, mains and other units of property become inadequate 
more quickly due to increased demands. 

Similar units of property may, and usually do, have different 
useful service lives in different systems. Unless a system has 


grown and is continuing to grow at a steady rate and has reached 
an age equal to that of the unit of property having the longest 
useful service life in that particular property, and it can be 
assumed that there will be no unusual changes in the art, any 
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data taken from the records upon which annual losses due to 
depreciation could be based, would not be accurate. No property 
in the water utility field would provide such information. 

There are at present several theoretical methods in use for 
estimating the annual rate of accrual of depreciation and for 
which equivalent annual allowances are usually made. The most 
commonly used methods are: 

1. Straight-line method. 

2. Sinking-fund method. 

3. Service-life-present-worth method. 

The above methods call for establishing useful service lives for 
the different units of property involved, which at best can only 
be approximately correct. These service lives are usually taken 
from some table based upon average figures or what may appear 
to be average figures from some one or a few particular sys- 
tems. Such average service life figures may not even approxi- 
mate the actual service life of the different units in the particular 
property for which annual allowai.ces are being determined. 

Any one of the above methods might be used as a basis for 
annual allowances for depreciation if the results are checked 
frequently and adjusted in accordance with actual accrued de- 
preciation. The straight-line method does not give results con- 
sistent with the facts, however, since the service value of utility 
property does not diminish as a straight line. The sinking-fund 
and service-life-present-worth methods, while differing in the- 
ory, do not differ materially in results, and both recognize that, 
while a certain portion of the useful life has elapsed, the remain- 
ing service value is greater than indicated by the ratio of age 
to the estimated useful life. 

It is apparent that a depreciation reserve established in ac- 
cordance with these theoretical methods, if not checked against 
an engineering determination of the actual existing accrued 
depreciation, may soon become considerably greater or less than 
it should be. 


Allowance for Retirement 


Fortunately, these allowances which are made annually can 
be varied and the answer as to the correctness of the annual 
allowances is a periodic engineering determination of whether 
the balance in the retirement or depreciation reserve is adequate 
to cover the depreciation that has accrued in any particular sys- 
tem at some fixed date. It is possible to make, within reason- 
able limits of accuracy, an engineering determination of the exist- 
ing accrued depreciation at any certain time, based upon condi- 
tions prevailing at that time. 

Conditions inay change later and cause the rate of diminution 
of service value either to increase or decrease, but-for any current 
date a reasonably accurate measure can be obtained for testing 
the adequacy of the reserve. If the amount is greater than 
needed, the annual allowances can be reduced, or if inadequate, 
they can be raised. Such a check, made periodically, gives a 
logical and practical method of determining what such allow- 
ances should be, as well as checking the adequacy of the reserve. 

The determination of proper annual allowances for retirement 
or depreciation and the adequacy of a retirement reserve are, 
from their very nature, engineering problems. Engineering ap- 
praisals of physical property are helpful in setting up a proper 
system of accounts, and an engineering determination of accrued 
depreciation is the best ar‘ only real means of knowing the 
actual amount of accrued depreciation existing at any fixed date. . 

What the depreciation reserve really represents is the amount 
of depreciation that has taken place in the property still in serv- 
ice, or, expressed another way, the property that has been used 
up in service and for which the utility has been compensated for 
through rates. While it is not necessary to hold the retirement 
or depreciation fund in cash, as it is usually more prudent to 
use the money for plant extensions or debt retirement, it still is, 
in principle, a trust fund, held to replace the used un property 
when retired and for which the consumer has already paid. It 
is evident that depreciation charges that are greater than actu- 
allv needed would, if reflected in rates, place a greater burden on 
the consumer than is necessary or fair. Likewise, charges that 
are too low would be unfair to the utility. 

The data obtained from the survey discussed above show that, 
in 107 cities recognizing depreciation in their accounting system, 
the total reserves in these cities is equal to 27 per cent of the 
total of depreciable property. This means, if that amount were 
justified, that 27 per cent of the depreciable physical plant still 
in operation had been used up in service, or, ‘stated in another 
way, the physical plants have an over-all average physical and 
functional condition of 73 per cent. 

As the figure of 27 per cent is an average, some of the systems 
have much larger reserves. It is believed that none of the plants 
reporting are in such low condition, as service would probably 
be impaired if they were. Most of the reserves in this group 
of cities appear to have been influenced largely by straight-line 
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methods of determining annual allowances. 


takes place in the long-life properties. 
of most water works properties. 


excess of actual requirements. 


Many water departments are faced with demands for transfer 
Many of these departments could 
avoid serious depletion of funds if their accounting system rec- 
ognized depreciation and if an adequate book reserve were main- 
tained for retirement or depreciation, as well as an adequate cash 


of cash to other city funds. 


reserve for extensions or debt retirement. 


Many cities carry large depreciation reserves in order to hold 


funds in the water department, which purpose is often justified ; 


but it is believed that equal protection would be available through 
other reserve funds and the accounting be made more accurate 
A city may have the legal right to use funds from its 
utility department for other departments, but it should not do 


thereby. 


RECORDING DEPTH GAUGE WARNS OF INTAKE TROUBLES 


It is a good ex- 
ample of why the straight-line method is, as generally applied, 
too drastic and also illogical when compared to what actually 
This is especially true 
While it is good practice to 
have a reasonable excess in the reserve to take care of unusual 
and unexpected retirements, it is believed that in those 107 cities 
quite a number have been accumulating reserves at a rate in 


so unless the utility, by proper accounting, is shown reall 
have excess funds. any te 

If such excess funds exist, it would seem proper to red 
rates rather than divert funds to other departments, as such oo 
tice is really indirect taxation. Utility department officials F a 
insist on keeping the department sound financially and resist d 
far as possible the transfer of needed funds, which practic ‘ 
followed in many places to the serious detriment of the dus 
ment. j 

A notice has just appeared in the press which states that j 
one fairly large city water rates are to be boosted 33% per vn 
the increase being made to provide funds for postwar inerone 
ments, including a sewage disposal system, with, perhaps , 
water softener and filter system. If the people in this city ia 
all about what is to be done with money raised in this manne 
and are willing to be so taxed for it, the city no doubt has th 
right to adopt such a plan, and the case is only mentioned as > 
example of the use of utility funds for other departments, 

It is hoped that soon all the water departments in the country 
will realize the advantages of following a uniform system of ac 
counting and a universal recognition of the necessity of including 
in such systems the proper accounting for depreciation, 


————— 
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By CARL LEIPOLD 


Anchor ice,.plant growths, sand and other material which ob- 
struct water flow through intakes and intake strainers, are indi- 
cated by a recording depth gauge installed on a walkway in the 
intake well, at the Winnetka water plant. The maximum water 
levels, above and below the center-line of the intake pipe, shown 
on the 24-hour chart (Fig. 2) are recorded on a monthly report 


80/b. Pressure Lire From 

Elevated Storage Tank ' 

To Filtration 
Plant 


High Lit? Pum, 
Suction Line . 


Top Of Wa/kway 







from Filtered 
i Water Basin 


L Condenser 
discharge Pipe 


ie 
y"] 2 20"nfoke 


/2" Intake 


Low Lift Pump 
Suction Line 




















Fig. 1 


Sketch of Intake Well Piping Arrangements, Win- 
netka, Ill., Water Works 


sheet. Unusual conditions shown hy variable water levels are 
noted and explained on the gauge chart. 

The water supply of Winnetka is taken from Lake Michigan 
through two cast iron intakes, one of which is 20 inches in diam- 
eter and extends 3,000 feet into the lake and the other is 12 
inches in diameter and is 2,200 feet in length. An emergency in- 
take strainer is connected to the 20-inch intake at a point 1,000 
feet from shore. 

The intake well piping (Fig. 1) is assembled to allow filtered 
water from an elevated storage tank to be applied under 80 Ibs. 
pressure directly to the intake pipes. Also the condenser cooling 
pond water from the power plant recirculating pump can be dis- 
charged into the intake well. With these connections, a pressure 
can be applied from the outlet end or intake well to the inlet 
end or intake strainers. Also the water level in the intake well 
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Late Superintendent of Filtration, Winnetka, IIl. 












can be brought higher than lake level. This arrangement ha 
served favorably for eliminating the usual intake and intake 
strainer troubles, especially ice troubles. 

Fig. 2—the water level chart—shows how anchor ice obstruct. 
ing the water flow through the intake was eliminated on Feb, 6 
1933. The operator was aware from the chart record that an 
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Fig. 2—Intake Well Water Elevator Chart. The Time and th 
Method Employed to Eliminate Anchor Ice on Intake 
Strainers Are Indicated 


chor ice on intake strainers started shortly after 2 a. m., with 
the low lift pump operating at 2.5 M.G.D. rate. The low lift 
pump rate of pumpage was then throttled to 2.0 M.G.D., but 
proved to be of no assistance in eliminating the anchor ice on 
the strainers. At 8 p. m., with the water level dropping rapidly, 
the condenser cooling pond recirculating pump was regulated to 
discharge water at a rate of approximately 2.0 M.G.D. into the 
intake well. After a period of two hours, the chart indicated am 
chor ice troubles were being relieved, and at 12:30 p. m., indi- 
cated that the anchor ice had loosened from the strainers. 

This method of chart records of water levels in intake wells 
has proven to be of much value as a warning to prepare for it- 
take troubles, and the taking of measures necessary to eliminate 
them. The chart record also serves as an indicator of existing 
operating conditions when making intake capacity tests. 
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REGULATING WATER PIPING WITHIN BUILDINGS 


By STEPHEN H. TAYLOR 





In 1935 the City of New Bedford, Mass., set up regula- 
tions governing water service supply piping and fitures. 
The following year Mr. Taylor prepared this article for 
Water Works and Sewerage and the article last appeared 
in a Reference and Data issue in 1940. 

On inquiry to Mr. Howard C. Mandell, present Supt. of 
the New Bedford Water Department, it was learned that 
these regulations have proved “workable, practical, and 
sufficient to accomplish the results for which they were 
intended.” 

In view of the success of these regulations during the 
10 years of their existence we are reprinting them in this 
issue and adding Mr. Mandell’s comments at the end.— 
Tue Epirors. 











N AN EFFORT to improve undesirable water service condi- 

tions in New Bedford, the Water Board adopted a set of 
rules and regulations which became effective June 1, 1935, gov- 
erning the installation of house piping, which we feel will benefit 
the water department—but, more especially the public. 

The city ordinances places the supervision of hot water tanks 
and water heaters under the jurisdiction of the City Board of 
Health. That department works in cooperation with our de- 
partment regarding this equipment and has established rules 
which require that such equipment be installed in a manner which 
will be safe and prevent forcing hot water back to damage 
meters. The new regulations follow. 


New Beprorp Water Boarp REGULATIONS 
GoverNING Water Service Suppty Prernc aNp Frxturest 
June 1, 1935 


(See separate pamphlet for sprinkler piping regulations) 

Section I. Every water-taker shall pay the established rates 
for water supplied within the time and at the place specified 
upon bills rendered; shall at his own expense, keep the service 
pipes within his premises in good order and repair and protected 
from the frost; shall not allow the water to run to waste; shall 
not make any change in the service pipe between city main 
and meter, unless sanctioned so to do by the superintendent; 
shall not conceal the purpose for which water is used; shall 
allow the superintendent, registrar and persons authorized by 
them, or by the board to enter the premises supplied with water 
to examine, the pipes and fixtures and ascertain the quantity of 
water used and manner of use, and shall indemnify the city for 
all damages it may sustain or be required to pay, in consequence 
of any injury resulting from any violation of these regulations 
by the water taker. 


Section II. All applications for service supplies must be made 
by the owner of property at the office of the registrar in the form 
prescribed, stating the various uses to which the water is to 
be applied. | 


Section III. SERVICE FROM STREET—In every case 
the installation of the service pipe from the street main to the 
end of pipe where taker’s stop with waste is installed by the 
plumber shall be made by the New Bedford Water Department. 
and the charge to the owner shall be as specified in regulation 
adopted by the Water Board February 6, 1924, viz.: 


For installing one service to each property from the main pipe 
to street line as follows: 


ee OS OR, GRU a vccecccadscocees eee rag aia $31.00 
I A a at 32.00 
. >) eee he a eee 39.00 


_ In cases where permanent pavement is disturbed, the owner 
is also required to pay for replacing the same. 

For secondary services, temporary services or for services 
larger than one inch in size, the entire cost of installation, in- 
cluding cost of re-surfacing permanent street pavement. 


For all services on private property, the owner shall pay the 
entire cost of such work. 


_—_—_ 


tRegulations pertaining to inside piping and fixtures begin with 
Section VIII. 


~) ey] 





Superintendent, Retired, Water Department, New Bedford, Mass: 


Section IV. Each service shall be provided with a satisfac- 
tory stop and waste cock: with coupling (this stop shall be 

round way and of the same size as the service pipe) to be 

located always just within the basement wall, at the point 

where the service pipe enters, and the pipes within the building 

must be so arranged that the water can be drawn from them 

whenever there is danger of freezing. The department will 

not be liable for any damage resulting from a failure to observe 

this important rule. 

Section V. No water-taker shall be entitled to any damages 
nor will any portion of a payment be refunded for any sudden 
stoppage of the city supply occasioned by an accident or other- 
wise, nor for any stoppage for the purpose of making exten- 
sions, alterations or repairs. In such an event the water-takers 
must guard themselves against the collapse of boilers and other 
injuries liable to result from stoppage of the water supply. 

Section VI. No cross connections between the City supply 
and any other supply which is not approved as potable by the 
State Dept. of Public Health shall be permitted except. those 
which are properly protected by double check valves of an 
approved type. Said check valves shall be approved by the 
Water Board and shall be regularly inspected at the expense 
of the owner of the property by a representative of the Water 
Department at such intervals as the Water Board shall de- 
termine. 

Section VII. METER REGULATIONS. ‘ 

a. One meter of standard type and of same size as the 
supply pipe must be installed upon each service connection. It 
may be located between the curb stop and building or within 
building. If within building, it must be placed at a point 
adjacent to shut off, where pipe enters through foundation wall. 
If outside the building, it shall be installed in a satisfactory 
box or pit not less than 3 ft. x 4 ft. x 4 ft. deep. All meters 
2 inches or larger shall be equipped with a by-pass capable of 
supplying the premises when the meter is removed for repairs 
or test. This by-pass valve to be kept sealed shut except when 
meter is out. (See Sketch.) 

b. In all cases where one service connection supplies two 
or more separate consumers, or a block occupied by. divers 
parties, only one meter will be used and the water rent as reg- 
istered by said meter shall be charged to and payable by the 
owner of said premises or building. If additional meters are 
desired to ascertain sub-division or such supplies, they will 
furnished at the expense of the applicant, who must assume all 
responsibility of reading and maintaining same. « 

c. Owners of property will be given option of either purchas- 
ing a meter outright and paying for its installation, or of having 
city furnish and install same and paying an annual rental therefor. 

The property owner must keep the meter within his 
premises easily accessible for reading at all times. The city 
will include all repairs due to ordinary wear in its rental charge, 
but in all such cases, the owner will be held responsible for 
proper protection of the meter from all damage which may 
occur due to freezing or from hot water backing from over- 
heated house boilers or other causes. Property owners will be 
assessed the cost of repairs of every nature necessary to prop- 
erly maintain the meter owned by them. In case payment of 
such charges is not made upon demand, the water will be shut 
off from the premises supplied, and will not be renewed until 
after such charges, including the additional sum of one dollar, 
to cover expenses of shutting off and letting on the water, shall 
have been paid. 

e. The owner of property shall pay at the established meter 
rate for amount registered, whether used or wasted. The water 
department will not assume any responsibility for use of water 
within metered premises. 

f. Should a meter fail to register for any cause, the quantity 
shall be determined and the charge made based on average 
amount registered by meter when in order. 

g. After a meter has been installed, it will not be removed 
for purpose of rating the premises supplied on any other basis 
of water charged. 

No meter shall be discontinued from the pipe, moved or 
disturbed, without permission from the water registrar, who 
= _ a properly authorized person to attend to any change 
needed. 

i. If a house becomes unoccupied, the owner or agent may 
have the water shut off and the meter removed during the 
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period of non-occupancy by making a request therefor to the 
water department, and paying one dollar to cover expenses. 

Section VIII PLANS TO BE APPROVED—Plans of 
proposed new installations, extensions or alteration of existing 
systems, showing proposed sizes and materials, must be filed 
with the Water Board, and approved by said Board or its 
designated representative before starting work. 

Section IX. INSIDE PIPING—All inside installations shall 
be made under the direction of a registered Master Plumber, 
except in manufacturing plants or other plants where compe- 
tent pipers are regularly employed. Connections to supply water 
heaters, hot water storage tanks, heating and ventilating appa- 
ratus, cooling systems and power plant equipment and apparatus 
may be made by competent employes of persons regularly en- 
gaged in the business of installing such apparatus, subject to 
the inspection and approval of the Water Board. 
of a Master Plumber’s Certificate of License shall register his 
name and business address with the Water Board on or before 
the first day of May in each year. Notice of any change in 
- — of business shall be given immediately to said Water 

oard. 

Section X. INSPECTION AND TEST—On completion of 
the installation it shall be inspected and approved by the desig- 
nated inspector of the Water Board before the water supply 
will be turned on to the premises. It shall be tested in the 
presence of the inspector at city water pressure. 

Section XI. KIND OF PIPE—AIl water supply pipes and 
fittings, shall be of lead, brass, copper or other non-ferrous metal 
or composition, except in the case of pipes four inches or more 
in diameter, in which case, cast iron pipe properly coated and 
lined with material approved by the Water Board may be used. 

In order that piping shall be sufficiently strong to withstand 
City pressure with a reasonable allowance for corrosion all pipes 
must comply with the following minimum specifications. 

LEAD PIPE: 

All lead pipe for water service shall be made from soft virgin 
pig lead without any admixture of scrap lead or any other ma- 
terial and shall weigh not less than 


errr 3 pounds per foot 
ee «Ue OA PiRccecceewcosecececonsenss 3% pounds per foot 
PE Be Bh MeBecccccccesccoccessoncoses 4% pounds per foot 
at. ii Mei cencuntioneeeussaeesces 6 pounds per foot 
et ee Oe ne cas akn ec wabemneaqninieen 7% pounds per foot 
ff tS eee eee 114 pounds per foot 
Pee. a eh Mnamiecidesutecceeenekauee 1934 pounds per foot 


BRASS PIPE: 

All brass pipe used for water supply piping shall conform 
with the Standard Specifications of the American Society for 
Testing Materials for “Brass Pipe, Standard Sizes” Serial 
Designation B43-23, with the exception of Paragraph 4 thereof. 
In place of the said Paragraph 4, the brass shall conform to 
the following requirements as to chemical composition: 


it SL. <icgsasessbunnnkgedbédsananneaneeus 00% 
RETEST ELLE IT TO OPO ES 0.50% 
OOD Tee 0.07% 
Se I IN is concnuchesdsinahandnihidtene Remainder 


This change admits use of so-called “Admiralty” and “Red” 
brasses. 


COPPER PIPE: 

All copper pipe used for water supply piping shall conform 
with the Standard Specifications of the American Society for 
Testing Materials for “Copper Pipe, Standard Sizes,” Serial 
Designation B42-23. 


COPPER TUBING: 
All copper service tubing used for underground piping shall 
conform with the Standard Specifications of the American 


Society for Testing Materials for Copper Tubing, Government - 


Type K, Serial Designation B88-33. For interior piping copper 
tubing, Government Type L, is allowable. 

Fittings for use with brass or copper pipes shall be of material 
and strength corresponding with the pipe used. All installa- 
tions shall be made in a thorough and workmanlike manner 
satisfactory to the New Bedford Water Board. 

Pipes which are to be concealed in partitions or otherwise 
shall be tested as specified in Section X before being concealed. 

No pipes which have previously been used for other purposes 
shall be used for distributing water. 

Section XII. PROTECTION—AIl concealed water pipes, 
storage tanks, flushing cisterns, and all exposed pipes or tanks 
subject to freezing temperatures shall be efficiently protected 
against freezing. 

Section XIII. DISTRIBUTION—The water supply shall be 
distributed through a piping system entirely independent of any 
piping system conveying another water supply. 
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Standard Meter Installation, New Bedford Water Works. 





Section XIV. WATER SERVICE—The water service pipe 
of any building shall be of sufficient size to permit a continuous 
ample flow of water to all fixtures on all floors at a given time. 

Section XV. SUPPLY TO FIXTURES—AIll plumbing fix- 
tures shall be provided with a sufficient supply of water for 
flushing to keep them in a sanitary condition and shall be ad- 
justed to prevent waste of water. The water from water closet 
and urinal flush tanks shall be used for no other purpose. 

The bottom of flush tanks for water closets or urinals shall 
be above the overflow level of the fixture when drain is 
obstructed. : 

All flushometer valves for water closets shall be equipped with 
a vacuum breaker of a type approved by the Water Board. 

The supply pipe for each tenement or bathroom shall be not 
less than %4” inside diameter and connect to the main supply pipe, 
which shall be not less than the size of the main service. 
main service shall be carried full size to the point where the 
last branch is taken off in the basement. 

Accessible shutoffs with waste shall be provided in the base- 
ment which shall separately control the water supply for each 
tenement and for each hot water tank. 


Section XVI. SIZE OF PIPES—The minimum size of 
water-service pipes from main to the dwelling shall be five- 
eighths inch, and to fixtures as follows: 


St GED scnccanedebeentseneendeeseiunisseceseneianes ¥% in. 
Se WE Svc cndctcasctsceceésencesavensesonensen ¥% in. 
St DD catcuredesenweseessncnsebocssatontiossoncs ¥% in. 
SE ctdghddéeseseoeesbsersnansesnntesdinbsceeenineasens ¥% in. 
I a a a a I ¥% in. 
SE BE, cis ccuucetdenresdeahenweiend sens eetateseateal ¥% in. 
SY WOE TENGE ons ccnnnakeossenuenaessaibennened ¥% in. 
Flushometer Valves for Water Closets..............0+00-- 1 in. 
Flushometer Valves for Urinals..............sceceeeeeees ¥% in. 


Two outstanding cases of potential pollution from back 
syphoning have recently come to the attention of our inspector. 
One was in a large High School; the other in a department 
store of importance. These cases and many others show the 
need of constant vigilance on the part vf someone, and we in 
New Bedford have decided that the Water Department should 











We | 
sufficien 
alteratic 
premise 
’ More 
and co 
industr: 
cussion 
existing 
of poo 
and ha 

We 
ticular! 
plumbe 
instruc 
potenti 

We 
Vocati 
of dan 
using 
and st 
occurr 
labora 
and ot 



























is responsibility as there is a possibility that pollution 
oy 2S source may even get back into our mains by siphon- 

- or gravity when it becomes necessary to shut off the mains. 
ooh inspection has been placed in the hands of a Master 
Plumber of long experience who has the respect and confidence 
of other master plumbers. He is a full time employee of the 
Water Board and has the complete cooperation of the plumbing 
inspector of the City Board of Health. 

The new regulations have been in effect since June Ist, 1935, 
and the results have been very satisfactory. The master plumbers 
cooperate very well with us as it protects them against unfair 
competition of unlicensed men and inferior materials. The pub- 
lic gains by being assured of proper supply and approved water 


O*wD 

We have found the 1935 regulations workable, practical and 
sufficient to accomplish that improvement in the construction, 
alteration, extension and materials of water piping on private 
premises for which they were intended. 

More than 6,000 permits have been issued to master plumbers 
and competent maintenance personnel in our numerous large 
industries during the past ten years. Through preliminary dis- 
cussion of proposed installations and through inspection of 
existing installations we have discovered several hundred cases 
of poorly designed or unsatisfactory connections or conditions 
and have secured remedies. 

We are fortunate in having as our piping inspector a par- 
ticularly well qualified individual, James F. Murphy, a master 
plumber with many years of practical experience, a plumbing 
instructor in our vocational school and a close student of the 
potential dangers of faulty water pipe installation. 

We are fortunate also in that we have in the New Bedford 
Vocational School a laboratory wherein visual demonstrations 

















of dangerous cross connection and plumbing conditions are given, 
using colored fluids and transparent sections of plastic tubing 
and standard plumbing and pipe fittings of everyday common 
occurrence. The educational presentation of material at this 
laboratory to the plumbing trade and to public health officials 
and others interested in the matters of back-siphonage and cross 
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fixtures. The department gains by being relieved of many com- 
plaints which come about as the result of improper materials 
or workmanship. 

No matter how complete the main distribution sys- 
tem and service connection may be, the consumer will not get 
the supply he is entitled to at his fixtures or the protection 
against pollution within his own property unless someone sees 
to it that proper interior piping and fixtures are installed in an 
approved manner. 

Our City Solicitor has ruled that the supervision of the entire 
water supply (except water heaters and hot water tanks), up to 
and including proper fixtures, is within the jurisdiction of the 
Water Department. 


OWD 


connection has been of very real assistance in securing the co- 
operation of all these groups and individuals. 

The only change we have found necessary has been the relaxa- 
tion of the prohibition against ferrous pipe because of the scarcity 
of copper and copper alloys during the war. We have issued 
conditional permits allowing the use of iron and steel pipe when 
materials as specified by the regulations were unobtainable. It 
is our intention to re-inspect such installations at annual intervals 
and inform the owners of the necessity for change. 

The regular collection and examination of samples for bac- 
teriological quality, particularly at those places and in those areas 
where back-siphonage or cross connections may be expected, 
is a valuable indication to the department whether satisfactory 
piping conditions exist throughout the system. 

If it is known that sterile water is delivered into the distribu- 
tion system, but that samples from certain outlets on the system 
contain bacteria evidencing contamination, special inspections of 
the buildings or areas suspected can be undertaken and dangerous 
conditions can be discovered and corrected. 

We feel that through the enforcement of our piping regula- 
tions, and through the analyses of as many samples from the 
distribution system as a limited staff is able to make; we are 
doing the best we can to assure that pure water is furnished to 
all our consumers. 











Laboratory, in New Bedford, for visual demonstration 





of dangerous 












cross connections and plumbing conditions 





W. W. & S. — REFERENCE & Data — 1945 


4 














FOR S ERVICE-PI y " H 


4 os 
£& 
” 

















y STREAMLINE Copper Service Pipe 
represents one of the lowest cost forms of 
insurance that water works officials, who are re. 
sponsible for the return on a heavy capital investment, 


can adopt. 





































In normal times STREAMLINE Copper Pipe compares very 
favorably in cost with ferrous pipe, yet with the exception 
of certain abnormal soil and water conditions, it never has to 
be replaced due to rust or internal corrosion. Consequently, 
there is no discoloration of the water nor decrease in volume 
or pressure, such as is invariably found, after a few years, with 
corrodible piping. 


Leaks due to vibration are eliminated. A STREAMLINE Copper 
Service Pipe installation is practically vibration proof, settlement 
of filled earth or water mains have little or no effect upon it. Its 
quality of ductility permits sufficient stretch to take care of this 
condition without failure of the pipe. 





STREAMLINE Service Pipe (Type K) is the original copper serv. 
ice pipe, and the first to be produced in America for water 
service work. It is the most uniformly soft and pliable pipe 
possible to secure—it is kept that way through the use of 
the best copper obtainable for the purpose and through 
strict laboratory control through every phase of its 
manufacture. 





When your plans call for pipe and fittings for re- 
placement or for postwar work, carefully 

consider STREAMLINE. Its use will re- 
pay you many times over. 


. G, 


STREAMLINE 


PIPE AND FITTINGS DIVISION 


MUELLER BRASS CO. 


PORT HURON,MICHIGAN 
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HE city of Los Angeles has eliminated over 40,000 cross- 

connections, since the outbreak of the war, in its program 
jo protect domestic water at harbor waterfront properties, mili- 
lary facilities, federal housing projects and war productjon plants. 
The project involved the installation of 10,000 vacuum breakers 
on plumbing fixtures, the raising of 21,000 inlets to give air-gap 
rotection, the breaking of 2,000 direct connections to sewers, 
and the installation of over 2,300 backflow mechanical devices 
on pressure lines. The work involved over 2,000 properties, 1,200 
different owners, and exceeded a cost of $2,000,000. 


Historical Development of Cross-Connection Protection 


From 1930 to 1938 the Department of Water and Power 
ried on a program to eliminate plumbing hazards and all types 
of cross-connections. 
With cooperation of 
the 3uilding and 
Safety Department, 
an ordinance was 
passed in 1938 cover- 
ing the installation of 
approved vacuum 
breakers on the dis- 
charge side of water 
inlets to plumbing fix- 
tures, much as is cov- 
ered by the most 
progressive plumbing 
ordinances throughout 
the country. The pro- 
gram at that time in- 
volved complete sep- 
aration of potable and 
non-potable water pip- 
ing systems and sup- 
plies. A few large 
fire services were per- 
mitted to have double 


car 








check valves where 
_ Special _ specifications 
were followed as to 


tight closures and 
material used, but 
their general adoption 
was disapproved. 

Early in the pro- 
gram it was recog- 
nized that the policy 
of requiring complete 
separation was not 
only overly expensive 
but gave fictitious 
protection. _ It was found at photographic and plating plants 
where air gap protection had been obtained, that in subsequent 
inspections hoses had been placed on the inlets to avoid splash 
and to secure mixing. At waterfront properties where fresh 
water connection to salt water pumps and salt water piping 
systems had been broken, new connections had been made 
hecause it is imperative to flush combination fresh and salt water 
lines after every period of salt water use. 

On oil well leases where tanks with rim discharge inlets and 
pumps had been installed to prevent backflow from oil well drill- 
ing operations and from boiler use, cross-connections were in- 
variably made around the air-gap protection in order to secure 
city water pressure for fire protection. 
owners have what they consider as legitimate incentives to use 
city water under pressure, just so long will there be danger of 
surreptitious cross-connections being made. Based on these ex- 
periences, it is believed that only by the proper installation of 
dependable mechanical devices will domestic water piping systems 
ever approach safety. 


l-in. City Water Line (right) Cross-Con- 
nected to 2-in. Boiler Feed Water Header 
on Pump Discharge (left). 


Development of Mechanical Devices 


The development of mechanical devices to safeguard domestic 
water lines has been discouragingly slow. Superior types of 


As long as property * 
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ELIMINATION OF CROSS-CONNECTIONS IN LOS ANGELES 


By R. F. GOUDEY 
Sanitary Engr., Dept. of Water and Power, Los Angeles 


double check valve installations, except for some improvements 
in pins, bushings and clapper seat material, are fundamentally 
the same as they were twenty-five years ago. Double check 
valves have never been generally accepted as adequate protection 
between safe and unsafe water supplies, largely because the forces 
creating backflow are neither controlled nor dissipated. 

An effort was made to install pressure differential relief valves 
which would provide openings to atmosphere under backflow 
conditions. An “economy” valve was developed for this pur- 
pose but did not prove satisfactory. A device with an automatic 
opening to atmosphere represents a most fruitful field for im- 
mediate exploitation because it destroys backflow possibilities 
into the water supply. Some consideration was given to a number 
of “switch-over” type valves to separate two supplies but which 
do not separate their piping systems and consequently permit 
polluted water to backflow after resets. It appeared, therefore, 
that entirely new devices would be needed and manufacturers 
rose to the occasion. 


Backflow Pressure Protective Devices 


The first backflow pressure protective device was a semi-man- 
ual operated Entriken valve installed at a Los Angeles swimming 
pool in August, 1933, followed a few months later by a second 
installation at another swimming pool. It provided an air-gap 
and back-pressure check but was not automatic. In 1938 Mr. 
Frank Carlton conceived of changes whereby with the addition 
of a vacuum breaker and the inclusion of a bellows-operated 
pressure differential relief valve, the device could become 
automatic. 

With additional structural improvements this valve became the 
E-C Valve No. 3 for sizes %4 in. to 4 in. and was extensively 
used from 1939 to 1943. In 1942 an E-C Valve No. 5 was 
developed and one was installed which is yet the. very latest in 
backflow protection, but is too costly for the average installation. 
A streamlined E-C Valve No. 6 appeared in 1944, incorporating 
many of the latest and best features in backflow protection and 
for more critical conditions has superseded the E-C Valve No. 3. 

Two other companies entered the field during 1939-40. One 
was the Schaffer Engineering Co., which submitted the Empire 
valve. This device 
met test require- 
ments but was too 
costly to commer- 
cialize. The second 
was the Ross 
Combustion Engi‘ 
neering Co., which 
produced a_ valve 
in %-in. to 2-in. 
sizes for use on 
boiler, steam and 
hydraulic elevator 
lines. For the pro- 
tection afforded, 
this valve still is 
superior from the 
standpoint of cost. 

The Clayton 
Manufacturing Co. 
next entered the 
field and by 1943 
was an active com- 
petitor. The com- 
pany specializes in 
check valves and 
altitude control 
valves and com- 
bined them _ to 
make up an as- 
sembled backflow 
protection unit em- 
ploying standard 
equipment. Their 
first unit (Clayton 
No. 15) included 
two check valves, 











City 


with 1-in. 
Water Priming Line on right (no valve 
in picture). 


2-in. Salt Water Pump 
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a vacuum breaker and a pressure differen- 
tial relief valve which operated on the 
same principal as the E-C Valve No. 3. A 
second development was a unit (Clayton 
No. 1) in which both checks were power 
operated. This device when adjusted to 
give positive air-gap protection under re- 
verse flow conditions approaches the best 
type of protection available. Both types 
of valves have been widely installed dur- 
ing the current year. 

Three national concerns have submitted 
devices during the past year but only one 
of these companies was successful in pro- 
ducing an approved valve. This is a Her- 
sey No. 2 unit which includes two fire de- 
tector check valves, a vacuum breaker, and 
a pressure differential release valve. It 
locally meets the requirements of the Board 
of Fire Underwriters and some units have 
already heen installed. 

As the reliability and availability of 
backflow prevention units gained ground, 
the previous rigid policy of complete sep- 
aration of potable and non-potable sup- 
plies and piping systems relaxed. Experi- 
ence so far has completely justified such action. A practice 
of “industrializing” lines at large plants was instituted. In plants 
having a large number of cross-connections, a point in the domes- 
tic system was selected for the installation of a backflow preven- 
tion device to isolate the majority of cross-connections. The 
former section of the domestic system beyond the device was 
identified by color bands and by posting at each outlet to desig- 
1ate it fully as an industrial line. 

\ll former domestic water outlets were transferred to safe 
ence so far has completely justified such action. A practice 
domestic lines and in some cases short extensions were found 
necessary. This practice greatly reduced the cost of over-all 
protection and gave the consumers the greatest use of the city 
supply with no incentive to make additional cross-connections. 





Desirable Features in Backflow Protection Units 


Some of the desirable features of satisfactory backflow pro- 
tection units are: 

(1) Provision for a central zone in which there is at all times 
less pressure than on the inlet side by providing a pressure 
differential release valve which opens the central zone to 
atmosphere with an operating head less than the initial loss-of- 
head past the inlet check, except when the city pressure is at or 
less than 2 Ib. per sq. in. 

(2) A drain connected to the pressure differential release 
va've sufficiently large to waste a reasonable amount of leakage 








~ \ 
De age 


t 





¥%4-in. By-pass Installed Around Air Gap Tank and Hidden in Grass. 


(6) Some visible positive sequence such as an alarm or water 
spurting to atmosphere to indicate any failure of any functioning 
part of the device. 

(7) A location so the device will not be flooded. 

(8) Adequate protection against damage from ice in freezing 
weather locations. 

The earlier devices, including the Hankin Valve of Montreal, 
contain intermediate zones of higher pressure under backflow 
conditions than exist on the inlet side. This is objectionable 
because in case the inlet check leaks as much or more than the 
discharge check, the relief valve cannot open and backflow js 
unchecked. The trend, therefore, is toward the use of installa- 
tions having protection zones of less pressure than on the inlet 
side. 


Cross Connection Research 


The University of Southern California has established a $30,000 
Foundation on Cross-Connection Research and Testing in which 
it is hoped that the basic principles of backflow protection can 
be properly evaluated; that all mechanical devices can be made 
correct from an engineering standpoint; and that adequate test 
rules can be formulated. A laboratory for this purpose is nearing 
completion. The Foundation is backed by many manufacturers 
of national standing, by local and national master plumbers’ or- 
ganizations, and by individuals familiar with the problem. 

The war speeded up cross-connection work. . Only three men 
were engaged in it from 1930 to 1941 inclusive, although by the 
end of this period cooperation had been secured with other city 

departments so that the net effect was the 
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equivalent of more than three men. 
Cross-Connection Central Committee 


During the spring of 1942 in order to 
have a more agressive program and a more 
uniform city policy for new construction, 
as well as for existing installations, a cross- 
connection control advisory committee was 
created by a joint resolution of four Los 
Angeles city departments covering health, 
water, building and safety, and mechanical 
engineering. The program at its peak in- 








Backflow Preventer (Clayton Type) on Domestic and Fire Services from Common 
4-in. Inlet at Center (Vertical Line entering from Back Between Two Gate Valves). 


(a) Line to right contains check valve, vacuum breaker, check valve, 


ential release and check valve. 


(b) Line to left same sequence but vacuum breaker is on the other side. 


past the outlet check without building up a head in the central 
zone of more than 2 Ib. per sq. in. pressure when the inlet 
pressure is zero. 

(3) No excessive spitting of water because of sudden drops 
on the inlet side. 

(4) Control diaphragms in duplicate with a vent to atmos- 
phere between them to avoid any danger of a cross-connection 
being created by diaphragm failure. 

(5) Vacuum breakers included where the location of the 
device is at high points in the piping systems or where pumps 
take a suction on the inlet side of the device. 
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cluded eighteen inspectors. 

The resolution set up the author as 
chairman, and Mr. Roy O. Van Meter 
as chief inspector. The Department of 
Water and Power furnished office space, 
an office engineer and a field supervisor. 
The plan included assignment of twelve 


pressure differ- 


° . . . . . . 
plumbing inspectors with rotation of others for inspection and 


training purposes in field work and these men were paid by the 
Department of Water and Power. 

The Health Department at times assigned up to four men for 
instruction. All inspectors were cross-deputized so that police 
power was available regardless of the type of cross-connection 
discovered. Later this deputization was declared illegal, but 
this decision came too late to interfere with the program. The 
resolution required that the committee develop a unified program 
and so far as possible to proceed on a broad educational basis. 

The merits of the cross-connection program were carefully 
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(b) All city water, industrial, and process 
pipe lines. 

(c) All plumbing fixtures as to type and 
8$1Ze. 

(d) All pumps and dual systems, regard- 
less of function, together with pres- 
sures and practices of operation. 

(e) All water using equipment. 

(f) All sewers and drains. 

3. Inspectors in the field made such 

water-use tests as to check on the accuracy 

of their maps and determined reasons and 
incentives for every cross-connection dis- 
covered. 

4. Inspectors in many cases secured 
blueprints of water lines from management 
and used them only after careful verifica- 


‘ializing 6-in. Shipyard Line with E-C’ No. J f ° 
——— ni poy ae a e peg re th dete 4 W way 4 tion. In many cases management requested 
(Note vacuum breake e valve r e differe is on other side. copies of the inspector’s drawings as being 


Three test cocks are on side. Inlet side is on left.) 


explained to each plant owner on the basis of health and protec- 
tion and added security. It has not been necessary in any case 
to resort to legal action. The educational program has been 
carried to the point where plumbers, insurance agents, boiler 
inspectors, hospital managers, equipment ‘manufacturers and 
federal security officers have become conscious of the need of 
backflow protection and have actively participated in the work. 
The records indicate that 45 per cent of the pressure type of 
backflow prevention devices installed in Los Angeles were the 
result of this cooperation. 

The committee took cognizance of the effect that cross-con- 
nections might have on the war effort and immediately intensified 
its program. First, a complete survey was made of the water- 
front area at the harbor which included Navy, Coast Guard, 
Army, Air Corps, petroleum, and shipyard facilities. Secondly, 
a complete survey was made of all war production plants through- 
out the city, including all aviation plants, refineries, metal in- 
dustries, colleges, housing projects, and all other plants on 
“master responsibility lists.” Thirdly, investigations were made 
of all new water devices. 

Early in the program there were several cases of waterfront 
pollution affecting military personnel because of carelessness in 
the use of pierhead outlets. Los Angeles has had no case of 
backflow for nine months, which is a remarkable record when 
compared with what is happening at the other ports similarly 
engaged in the war effort. 

Elimination of Cross-Connections 

Very careful consideration must be given to thoroughness in 
making inspections, care in office review as to requirements and 
remedies applicable, and presentation of recommendations to 
management if success is to be attained in cross-connection 
elimination. The following procedure was 
carefully exercised: 


better than theirs so far as water piping 
plans were concerned. 


5, Office work was carried on with equal assiduity covering 
such items as: 


(a) A review of each cross-connection and a discussion as to 
the best and most economical manner to secure protection. 

(b) A writing up of all cross-connections by use of standard 
terminology, together with remedies similarly expressed. 

(e) Checking of all recommendations by office and field super- 
visors. 

(d) Complete consideration of all legitimate city water uses 
which could possibly be anticipated so that there would be 
little danger in the future of new cross-connections being 
made, 

(e) Issuance of recommendations in legal form setting forth 
instructions, laws violated, and enforcement agencies in- 
volved. 

6. Proper serving of the recommendations to management is 
important and involves: 

(a) Conferences with key personnel in which the program as a 
whole is again reviewed. 

(b) Timing with recommendations of orders from Industrial 
Accident Commission, Naval and Army: security officers, 
and interested agencies. . 

(c) Special efforts to explain any misunderstanding that field 
men at the plants may have in regard to specific recom- 
mendations. 


7. Reinspections and contacts are necessary to follow up 
progress of the work and to lay foundation for subsequent 
regular inspecticn after completion. 

8. All cross-conmections must be eliminated before the file is 
closed. 

As the program commenced in earnest the Cross-Connection 
Control Advisory Committee approved of a seven-point program 





1. Before making any field inspection 
the following preliminary steps were 
taken : 


(a) A tracing of the area to be surveyed 
was made from a district sheet of the 
Water Dept., giving on a scale of 100 
feet to the inch, the size of street 
mains, location, service numbers of the 
water services, and similar pertinent 
data 


(b) Information was collected from serv- 
ice cards giving number and size of 
meters, owner’s name and address, and 
data as to meter setting with turn-on 
and turn-off data. 


Management was contacted to explain 
the historical background in connec- 
tion with the purposes of the survey, 
the logic and reasons for cooperation 
in eliminating cross-connections on a 
uniform plan, the law backing up en- 
forcement requirments, and_an explana- 
tion of typical cross-coniections and 
how they can be eliminated. 


(d) Management was asked to provide 
proper passes to enter the premiscs 
and to appoint a water supervisor or 
other person to assist in the survey. 


2 In the field, inspectors prepared draw- 
ings of lines, fixtures and water equipment 








actually seen by them and accurately cov- 


ering the following: City Service (left) to Oil Lease (right) Showing 1938 E-C No. 3 Valve and Pres- 


{a) City service connections. 


sure Safety Valve (top right) in Addition to Relief Valve on Device. 
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in cross-connection control which was 
endorsed by Army, Navy, and public health 
officials at a meeting on Sept. 15, 1942, at 
the Naval Operating Base, Long Beach, 
Calif. Because this outline was carried 
through unchanged it is repeated here as 
follows: 


Seven Point Program 


1. Backflow protection at meter of all ser- 
vices to premises fronting on the harbor 
and to adjacent industrial and com- 
mercial plants 





















Backllow protection at the wharf for all 
ship supplies 








Segregation of domestic and fire lines 
as far as possible so that no unprotected 


cross-connections will endanger the do- 
mestic supply from pierhead, siamese, 
or salt water pump intakes 





































of all 
connections 


Elimination dangerous 


inter 


plumbing 














Provision for the isolation of all 


lines carrying processing water. 


pipe 





Adoption of color 
designation of 
lines. 


scheme for 
unsafe water 


and sign 
safe and 


7. Organization of water foreman on each 
premises to carry out a unified plan. 


Every conceivable type of cross-connection was discovered in 
this survey with such odd ones as cooling coils for X-ray tubes 
and direct connections to sewers through blood plasma equip- 
ment. The survey included 300 oil well properties. While the 
category of cross-connections was much longer than indicated 
in this report, the following summary is of value in pointing out 
the main dangers involved. 

Results of this tabulation indicate that there are more direct 
connections to sewers through flush valves than through equip- 
ment. Accordingly, every city should wage vigorous programs 
in the correction of faulty plumbing. The majority of low inlets 
can be eliminated by mere raising, although in some cases vacuum 
breakers on the discharge side of valves are justified. The use 
of mechanical devices under pressure is largely outside the field 
of plumbing and involves protection against pumps for cooling, 
process and industrial waters as well as dual water and oil 
supplies. All direct connections to sewers should be physically 
broken. * 

A wide range of devices has been used to prevent backflow. 
The first group is vacuum breakers on the discharge side of 
the water inlets to plumbing fixtures or submerged gravity inlets 
to tanks, requirements for which are covered by American As- 
sociation Standards (A40.4—1942; A40.6—1943). The second 
type covers pressure-operated vacuum breakers and backflow 
protective devices which operate on pressure systems. The fol- 
lowing tabulation indicates the magnitude of cross-connection 
elimination by use of devices: 


Types of Back-Siphonage and Backflow Devices 


A. Plumbing type vacuum breakers Number 
Ss OD WN dans cuddceasedeecentecsenadevesesocdeanenes 4,000 
DS - oculininls Hegaen dueeeneewws bene amend we weande 10,000 


a Sl Seo 14,000 


Pressure type backflow devices 





eC eet rey Pere 200 
2. Backflow prevention 
Industrial lines ........... bcbverendtdccnedensessecees 1,232 
BPE GOD oii ccecicccsedcdecpeesescnevecscecosens 360 
BEOCOP PEOCSCCIOM ccc cccccscccescccccnccesccecesecees 778 














BEE cc ccavadbesebebdedendeceeddeneteasenexeunewe 2,570 

Cc. Double check valves 
CEES WHE VOMGE WHEUOR oc ccccececececcccosocvceseesewnes 200 
GERMS BOER cccccctecees Ceccccssececsocecsccesse 16,770 


It is of interest to note the number of backflow prevention 
devices for different pipe sizes and that the most recent trend 
is to replace double check valves with complete devices, even 
for the larger sizes. The need for devices in sizes %-in. to 2-in. 
is apparent. 

The cost to consumers for the entire program exceeded $2,- 
000,000 with half of the work on the correction of plumbing 
fixtures, with about $500,000 involved in pressure backflow 
devices, and about $500,000 on pipe system changes to indus- 
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6-in. Hersey No. 2 Double Check Valve m 
of Gate, and Pressure Differential at Bottom Between the Two ( hecks. 
(Fire service approved by local Board of Fire J/nderwriters’ representatives.) 












Installation with Vacuum Breaker at Right 






trialize lines, parallel piping and breaking of sewer connections 
Twenty-five contracts exceeded $25,000 and one contract reachej 


$267 ,000 Indicates 

_— . rates. Con 

flow range 

Types of Backflow Protection Devices Giving Superior Protection fvity toe 

- design, 

a S maintenan 

5 ene ent che , 

@ £ 22 7 22 Zi 225 Ps reading fl. 

oie e = 3s 2% 224 ¢ wall brack 
a> C S Ade A0& Ade f& 
%” 128 3 18 — a ee 149 
7.” 406 52 46 a a pa 504 
8 373 56 69 —_ a — 498 
114” 57 60 12 =: ae 19 
2” 272 155 23 — — _ 450 
2%” 29 101 ome = ea oe 140 
3” 7 50 — ai -— oa 1M 
= 18 105 — 4 on 20 Th 
” 19 34 — 29 2 50 134 
a — 8 —- 20» 27 36 1 
10” — om eis 1 1 5 . 
12” — 1 — 3 — 3 $ 
Total 1,376 625 168 57 30 114 2,370 





*150 of these units have pressure differential relief valves. 





Summary of Cross-Connections Discovered 















Jan. 1, 1942—Oct. 1, 1944 of the wa 
hie t, to 
Number Numbe  %@!. 0 
1. Plumbing—55% : we 
Flush valves and flush urinals........... 3,504 
ee eae 6,674 
PEOP TAMETED ooo cc cc ccteeccccdenecctaecs 12,487 AIR R 
Autom 
2. Equipment—26% : 
Low inlets ee ee Te 8,015 obstruct 
Stenm, Holder ....cccccccvccccccsevvcccece 2,080 wise cau 
Air, compressors, elevators.............: + damage 
TEES dvbd0c ce xecsadececsseusscecds 5 pups. 
ice, Sir 
3. Dual supplies—9% one lev 
RTE WRERE WUTD ccc cccccctccsccssences 38 ates a 1 
Wells, off welle ...cccccec> ss eeeees pececeee q 330 ao 
Industrial, process and recirculation..... 1,846 : ' 
Pierhead connections ..........+-0+++ee 1,265 Types fc 
Siamese connections ........+0+eeeeeeeee 94 on. 2 
one 3,615 working 


4. Sewer—5% 


Direct Connections ......cccssccccccscces 1,747 
Ejectors, water-operated ..........+s0+5+ 7 
5. Miscellaneous—-5% (inter-street services; lawn 19 
NOI go cba cenncenadaeeseess aeueee 2,231 
_ 
ND cnvciccesaskasscekiesdeeonsennds 41,041 



















TYPE MO METER 


indicates, records and totalizes fluid flow 
utes. Consistent high accuracy over wide 
fow range (up to 43 to 1); extreme sensi- 
ivity to every change in flow; simplicity of 
operation, minimum 





Cc tions 
eached 







tection 





design, trouble-free 
maintenance cost. Evenly graduated, direct 
wading flow scale and chart. Floor stand, 


val bracket or Panel Board mounting. 
BULLETIN 300 














AIR INLET VALVE 


Eliminates the pos- 
sibility of collapse 
of pipe line walls 
due to sudden drop 
in pressure in grav- 
ity flow line. The 
non-collapsible float 
is buoyed by — the 
water in the line un- 
til a condition arises 
which tends to cre- 
ate a vacuum—then 
the buoying effect 
of the water is lost, the float drops from its 
seat, to admit air and destroy the vacuum. 
BULLETIN 125 
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AIR RELEASE VALVE 


Automatically vents air 
obstructions that might other- 
wise cause operating loss or 
damage to pipe lines and 
pumps. Dependable in serv- 
ice. Simple construction— 
one lever movement oper- 
ates a tight seating needle 
valve, actuated by a heavy glass ball float. 
Types for pressures up to 1250 Ibs. per sq. 
m — tested to several times the service 
working pressure. 
BULLETIN 58 












3,618 








SIMPLEX stands for LEADERSHIP in 
WATER WORKS & SEWAGE EQUIPMENT 


TYPE MS FLOW RATE METER 


Accurately indicates, records and totalizes 
flow rate. Bell-shaped float automatically 
extracts the square root of the law of flow 
and makes possible the direct reading chart 
—evenly graduated from 0 to maximum. 
The arm of the recording pen connects di- 
rectly with the float for inevitable accuracy 
of transcription and sensitivity to flow 
change. 

BULLETIN 350 



















PITOT EQUIPMENT 
Check the operating efficiency of distri- 
bution systems, pumps, meters. Panel board, 
portable, or stationary Recorders, mano- 
meters, and pitot tube types of equipment 
for accurate surveys—at low cost and with 
small expense—effect definite savings in 


operating loss. 
BULLETIN 50 
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SIMPLEX VALVE & METER COMPANY 


(743 UPLAND STREET, PHILADELPHIA 42, PENNSYLVANIA 


RATE OF FLOW CONTROLLERS 


For gravity or pressure Filters, Clearwells, 
etc. A direct acting, balanced valve type 
controller, operated by a Venturi tube 
located in the effluent line. Lowest obtain- 
able head losses when wide open; highest 
degree of accuracy without compensating 
mechanisms; largest possible ratio from 
maximum to minimum rates with any given 
size of unit; no electrical mechanisms used 
in operation. The controller starts quickly 
from a wide open position and takes the set 
rate in less than 15 seconds. Adapted to 
various types of clearwell control. 

BULLETIN 250 


GAUGES 


Indicating, recording, and/or totalizing 
gauges, strictly proportional to the Rate of 
Flow or Loss of Head. Mercury Float or 
Water Operated. Types for gauging Loss 
of Head, Rate of Flow, Depth, Elevation, 
Sand Expansion, etc. All Simplex Gauges 
are designed for accuracy, visibility, acces- 
sibility of moving parts, and reliability in 
service. 

BULLETIN 170 
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BAILEY METER COMPANY 


1072 Ivanhoe Road, 


PHILADELPHIA BUFFALO 


NEW YORK 
ST. PAUL KANSAS CITY 


MILWAUKEE 


BOSTON 
CHICAGO 


HOUSTO 
BAILEY METER COMPANY LIMITED, Montreal, Canada 


CLEVELAND, OHIO 


PITTSBURGH CINCINNATI 
DENVER 


N LOS ANGELES 


ATLANTA 
SEATTLE 


METERS, GAGES and CONTROLLERS for SEWAGE TREATMENT and WATER SUppiy 





STANDARD BAILEY REGISTERS 
Bailey Flume Meter—Simplicity of installation, low head 
losses and self-cleaning features of the Parshall Flume have 
resulted in a greatly increased use of this device for a meas- 
urement of Sewage Flow in open channels. 
The Bailey Flume Meter is simple and accurate. As shown 
in the illustration, it consists of a single float which is con- 
nected by a flexible cable to the sturdy recording, integrat- 
ing and indicating mechanism on the panel board. The 
panel board may be omitted if desired and the recording 
mechanism mounted on a wall or column. This device may 
be adapted to any type of open channel metering over any 
operating range required. Its capacity can be altered in the 
field by installing new gears and/or cam without disturbing 
any other parts of the installation. 
Standard Bailey Indicating, Recording and Integrating In- 
struments are used, charts are 12 inches in diameter and 
uniformly graduated. Instruments may be placed in remote 
locations by the addition of Bailey Telemetering Systems. Ask 
for Bulletin No. 62. 
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Typical installation of Bailey Flow Meter for Parshall Venturi Flume. 
Bailey Weir Meter—For measuring flow using any type 
of Weir notch, highly accurate results can be obtained with 
a Bailey Weir Meter. This meter is similar to the Bailey 
Flume Meter and possesses the same features of sturdiness, 
flexibility and accuracy. Remote transmission can be pro- 
vided when desired. 

Open Float Type Meter—The Bailey Float Type Meter 
is especially adapted to measure the flow of sewage, sludge, 
dirty water or other liquids in pipe lines using a Venturi 
Tube, flow nozzle or eccentric orifice. 

This meter is operated through a differential gearing and 
cam mechanism from floats which rest on the liquid sur- 
faces in float tubes. It is similar in external appearance to 
the Bailey Flume Meter. 


Bailey Registers measuring Sewage, Sludge 
and Air in an operating gallery at Easterly 


Sewage Treatment Works, Cleveland, Ohio. 
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Bailey Fluid Meter—The flow 
of steam, liquids and gases in 1 
pipe lines at high or low pres- 
sures can be accurately meas- 
ured by the Bailey Fluid Meter. 
A Venturi Tube, flow nozzle, or 
orifice is used as the differential 
producing device and the meter 2% 
indicates, records and integrates 
on the standard Bailey Register 
previously described. Remote 
recorders may be provided by 
Bailey Telemetering Systems | 
which operate electrically on 
alternating current. 





In addition to the rate of 
flow, this meter may also re- 
cord pressure, temperature or 
liquid level on the same chart. 















Section through flow mechanism 


of Air Meter 





Described 
301-A. 


Air Meters—These meters measure | © 
Air Flow in main lines and in in- 
dividual lines to aeration tanks. 


The register is similar in appear 20% 
ance to the Ledoux bell type, and 
the flow mechanism is designed to 
operate on a maximum differential 
pressure of 88-in. of water. De- 
scribed in bulletin No. 301A. 


Remote Registers — Bailey Tele 
metering Systems make it possible to 
operate remote indicating, recording 
or integrating registers, which may 
be installed at a distance from the 
direct connected unit. These regis- 
ters may measure flow in individual 
lines, total flow, liquid level, pres- 
sure and other factors. 


Venturi Tubes—Standard Bailey 
Designs include a complete range of 
Venturi Tubes and other prmiary 
elements suited to the measurement 
of sewage, sludge and water. The 
selection of a suitable primary ele- 
ment is governed by such factors as 
capacity required, type of flanges, 
pressure loss allowable and char- 
acter of fluid to be metered. 


Controllers—Bailey Controllers util- 
ize standard Bailey Meters and Re- 
corders as the basic measurement 
source for the automatic control of 
factors, such as flow, ratio, pressure 
and liquid level. They are operated 
by compressed air at approximately 
35 Ibs. pressure and match perfectly 
with other Bailey Gages and Regis- 
ters. 


Bailey control is fully automatic, 
. ccs, and exceptionally fiex- 
ible. 














Section through flow mecha- 
nism of Ledoux Bell type 
Register. 


Bailey Recorder— 
Controller. 




























































-MAIN-LINE METERING OF WATER, SEWAGE 
AND SLUDGE 


By ROBERT T. REGESTER 


Consulting Engineer, Baltimore, Md. 


N accurate and convenient means for metering the flow of 
A water in main pipe lines presented an unsolved problem in 
early American hydraulic and water supply practice. It was not 
yntil 1887 that Clemens Herschel, eminent New England engineer, 
conceived the idea of applying the Venturi principle as a practical 
method of flow measurement. After conducting elaborate experi- 
ments, he invented and successfully calibrated a compound coni- 
cal tube which he named the “Venturi meter.” In 1891 the meter 
was first installed by the East Jersey Water Company. Its 
success was immediate and marked a notable contribution to 
hydraulic engineering. Twelve years later, the first Venturi 
meter for the measurement of sewage was installed in a large 
discharge pipe at the Ward Street Pumping Station of the Boston 
sewerage system. This installation was also successful and con- 
tinues in operation today. 

Since these first applications, continuous developments and im- 
provements have been made in Venturi metering, particularly 
with regard to automatic registering and recording instruments. 
Today Venturi meters and their related devices are used through- 
out the world in both water works and sewerage systems for a 
variety of purposes. They are recognized as invaluable aids to 
the efficient operation and control of modern water purification 
plants and sewage treatment works. Although other metering 
elements are available, the Venturi meter is the universal standard 
for the measurement of water, sewage and sludge flowing through 
main pipe lines. 


Venturi Tubes 


A standard Venturi tube, as shown in Figure 1, comprises a 
cylindrical inlet, 2 converging inlet cone, an intermediate “throat” 
section and a diverging outlet cone. The inlet cone has a rather 











Fig. 1—The Herschel Standard Venturi Tube . 


steep taper while the outlet cone tapers more gradually. The 
interior passageway of the tube is entirely unobstructed. The 
sections of these tubes are usually made of cast iron with throat 
part bronze-lined to resist corrosion. The inlet and outlet cones 
are occasionally constructed of either reinforced concrete or 
steel plates. At both the inlet and the throat of each tube, an 
annular pressure chamber communicates with the interior by 
means of numerous small and equally-spaced vent holes. These 
annual chambers are basically important features of Venturi 
tubes. The essential purpose of each chamber is to average the 
pressure head at several points around the tube’s circumference, 
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thus avoiding the inaccuracies otherwise introduced by using a 
single-vent piezometer. 

The favorable hydraulic properties of the standard Venturi 
tube are unequalled by any other type of metering device for 
main pipe lines. If piezometers are inserted along a standard 
Venturi tube, the hydraulic grade line will follow the curve as 
illustrated in Fig. 2. The velocity of flow rapidly accelerates 
from the inlet to the throat, and thereafter gradually decelerates 
through the outlet cone. Accordingly the pressure head which 
is greatest at the inlet end rapidly decreases to the throat where 
it is least. This difference in pressure bears a definite relation 
to the velocity of flow and therefore, the quantitative rate of 
flow. This function varies approximately as the square of the 
velocity in the throat. It should be particularly noted that the 
pressure is gradually regained as the velocity decreases in the 
outlet cone, until at the outlet end nearly all of the original 
pressure head has been restored. The overall pressure drop, or 
“friction loss,” between the inlet and outlet ends is relatively 
small for normal rates of discharge, and for low rates it is 
negligible. 

The size of a Venturi tube is expressed by the diameter of 
the inlet and outlet ends, in inches, which usually is the same 
nominal diameter as the pipe line for which the tube is intended. 
The standard tube of Herschel proportions has an average length 
of about nine inlet diameters, but the exact length depends upon 
the throat diameter. For installations where the conditions are 
favorable, shorter and somewhat less costly Venturi tubes are 
available. In general, these are similar in construction to the 
standard tubes, but have outlet cones of sharper taper with 
consequent greater friction loss. Certain special designs of 
tubes are also made, such as elliptical, constant-acceleration and 
flat-invert (or eccentric type). In instances where low points 
cannot be readily drained, or where overhead clearances are 
very limited, the flat-invert tube may be desirable. However, 
such tubes are considerably more costly than standard concentric 
tubes, which experience has demonstrated to be most suitable 
for normal installations. 

For the measurement of sewage and sludge, Venturi tubes 
require certain special appurtenances. At the inlet and throat 
pressure chambers, vent-cleaning valves are necessary so that, at 
intervals, the vents can be cleaned of deposits and the pressure 
chambers flushed. An individual hand valve is often provided 
for each vent. However, a recent device (Fig. 3) is available 
for simultaneously actuating all of the vent-cleaning valves by 
the operation of a single water- or air-pressure supply valve. 
Hand holes near the inlet and the throat are useful for an 
occasional inspection of the interior surface of a tube. In cases 
where the sewage contains corrosive industrial wastes, a specia! 
split-flange section of tube can be provided to expose the entire 
throat part for examination and cleaning. 






HYDRAULIC. -CLEANER 
-ASSEMBLY (ROSS SECTION 


Fig. 3—Hydraulic Vent Cleaning Assembly 
for Simultaneous Operation 
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Other Types of Meters 
Orifices and Nozzles 


Among other types of meters available for main pipe lines are 
orifices and flow nozzles. Orifices can be obtained. in several 
forms, the most familiar of which is a circular opening in a 
flat plate clamped between a pair of flanges in the pipe line. 
The hole of the orifice may be either concentric or eccentric in 
the flat-plate type. Piezometer connections are made on each 
side of the orifice plate by tapping two small tubes into the main 
pipe line. The differential pressure between the inlet and outlet 
sides of the plate is used to actuate the metering instrument. 
Orifice plate assemblies with annual pressure chambers, tapped 
for piezometer connections, are available. 

The hydraulic grade line for a plate orifice is shown in Fig. 4. 
With flow through the main pipe, the pressure head drops 
abruptly at the orifice and continues to decrease slightly opposite 
the plane of greatest contraction just downstream from the plate. 
Beyond this plane the pressure then increases with partial recov- 
ery of the original pressure head. Because of the plate projection 
inside the pipe considerable turbulence results; hence the overall 
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PIPE DIAMETERS 


Fig. 4—Hydraulic Grade Line for Flow Through a 
Concrete Plate Orifice 


friction loss for a given ratio of orifice and pipe diameters is 
much greater than for a Venturi tube having the same ratio of 
throat and inlet diameters. 

If used for the measurement of sewage and sludge, plain 
orifice meters may be subject to inaccuracies resulting from 
erosion of the edge and accumulation of solid matter at the 
projection. Certain specially shaped orifices, or so-called “flow 
nozzles,” resembling Venturi tubes can be furnished to overcome 
some of the disadvantages of the plate orifice. 


The Kennison Nozzle 


The Kennison open-flow nozzle is suitable for measuring flows 
of sewage, industrial wastes and sludge in partially filled pipes 
and open channels. This nozzle is bolted to the outlet end of a 
main pipe line with free discharge. The design utilizes the inlet 
depth produced by a specially shaped outlet for the rate-of-flow 
function which varies directly with the head. At the inlet of 
the nozzle, a connection is made to a float tube for operating the 
metering instrument, Fig. 5. Kennison nozzles are made in inlet 
sizes varying from 6 in. to 36 in. diameter. Another type of 
nozzle for partly filled pipes utilizes the discharge-angle relation, 
produced by a vane which receives the discharge impact, as the 
rate-of-flow function. This latter nozzle (Schofield) has a 
parabolic outlet. 
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Fig. 5—Typical Installation of the Kennison Nozzle 


The Parshall Flume 


For the measurement of sewage flows in open channels, the 
Parshall flume is now extensively used. This Venturi shaped 
flume usually operates as a free-flow device and therefore requires 
the use of a single pressure head to accurately determine the 
discharge rate. The flume was originally developed and is 
widely used in the West for irrigation purposes. The first 
important installation for measuring sewage was at Providence, 
R. I, in 1931, where a large flume having a capacity of 10 
M.g.d. with throat width of 10 ft. (Fig. 6) meters the effluent 
from the sewage treatment plant. An important characteristic 
of the Parshall flume is the relatively small loss of head, which 
is about one-fourth that of the standard weir for free flows. 
This fiume is adaptable for both large and small plants and has 
been calibrated for a variety of sizes and corresponding capaci- 
ties. A pipe connection is made on the tapering inlet side of the 
flume for the float actuation of a metering instrument. 


Discharge Coefficients and Friction Losses 


With any type of meter for main pipe lines, the accuracy of 
measurements must be supported by exact knowledge of the dis- 
charge coefficient and its relation to the size, ratio and other 
characteristics of the respective type. The accuracy of the 
Venturi meter has been established through numerous carefully 
conducted calibration tests by hydraulic laboratories and promi- 
nent manufacturers. Such tests have demonstrated that the high 
initial accuracy of the Venturi meter remains unimpaired during 
years of continuous service. Coefficient curves for standard 
Venturi tubes (as made by Builders Iron Foundry and the 
Simp!ex Valve & Meter Co.) are available in the A. S. M. E. 
—Fluid Meters Research Publication, Part I, 1937. In addition 
thereto, various types of upstream disturbances have been 
analyzed with regard to Venturi tubes and corrective vanes have 
been studied by Prof. W. S. Pardoe (Trans. A. S. M. E— 
Nov., 1936, and Nov., 1937). Also, a valuable study of the 
proper application of piezometer connections to metering devices 
was made by Messrs. Allen and Hooper (Trans. A. S. M. E— 
1931) as a further contribution toward meter accuracy. 

The overall friction loss produced by a differential metering 
device in main pipe lines is frequently of economic importance. 
Such losses may substantially increase annual pumping costs, oF 
may materially decrease the gravity head which is available for 
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Fig. 6—One-Half of the Parshall Flume, Looking Downstream 
to Throat Section—Providence, R. I. 


other essential purposes in both water purification and sewage 
treatment plants. This latter condition may involve greater 
construction costs due to the lowering of structures to meet the 
resulting hydraulic grade lines. In either case, a small initial 
saving in the price of an unsuitable meter may be insignificant 
in comparsison with the ultimate cost incurred by excessive 
fraction loss. Accordingly, that metering device in which the 
recovery of inlet pressure head is the greatest will most likely 
prove to be the most economical selection. 

The accompanying diagram, Fig. 7, strikingly presents a com- 
parison of the recovery characteristics and friction losses for a 
standard Venturi tube of Herschel proportions, a short Venturi 
(S4) tube, two types of flow nozzles (NS and N) and an orifice 
plate. These data are expressed thereon as precentages of the 
differential head for various ratios of throat and inlet diameters. 
For the frequently used ratio—0.5, it should be noted particularly 
that the corresponding friction loss for an orifice is about seven 
times the loss for a Herschel standard tube. 

Herschel standard Venturi tubes have a fraction loss of only 
10% to 15% of the differential head for a ratio of 0.25 to 0.75— 
throat to inlet diameter. In comparison, the fraction loss for 
orifices is much greater and varies from 49% to 92% of the 
differential for the same ratio range of orifice opening to pipe 
diameter. 


Venturi Metering Instruments 


A variety of instruments for the measurement of water and 
sewage in connection with Venturi tubes and other differential 
metering devices is available. Each type is actuated by the 
differential head, either by direct connection or by some medium 
of transmission such as air or electricity. Several types of 
instruments are illustrated in Fig. 8 and 9. The mechanism 


of one prominent type is shown in Fig. 10. At the rear of the 
register two large mercury wells, connected at the bottom to 
form a U-tube, receive the differential pressure from the Venturi 
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Fig 7—Recovery Characteristics and Friction Losses of Various 
Differential Producers 
For Figs. 8 and 9, see next page. 
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FRONT VIEW REAR VIEW 

Fig. 10—One Example of the Pressure Chamber Type of Regis- 

ter Mechanism, with Rack and Gear Transmission of the Float 
Movement 


tube through small pipes from the inlet and the throat. One 

of the mercury columns supports a solid metal float of large 

diameter, which is responsive to minute variations in mercury 

levels. Through a positive rack and gear transmission, the float 
(Continued on Page R-34) 
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BUILDERS -PROVIDENCE, INC. 


DIVISION OF BUILDERS IRON FOUNDRY 


10 CODDING ST. 


PROVIDENCE Il, R. I. 


DISTRICT OFFICES AND REPRESENTATIVES 


ATLANTA 3, GA., W. D. Taulman & Associates, 161 Spring St. N.W. 
CHARLOTTE 2, N. C., J. R. Purser Sales Engr., Inc., Independence Bldg. 
CHICAGO 3, ILL., Builders-Providence, Ine., 1852 Peoples Gas Bldg. 
CINCINNATI 2, OHIO, Harry T. Porter, 1413 Union Central Bldg. 
DALLAS 1, TEX., Morey & Morey, 300 Practorian Bldg. 

DENVER 1, COLO., J. B. Ambler, 602 Denver National Bldg. 

DES MOINES 9, IOWA, Delavan Engineering Co., 414 Twelfth St. 
DETROIT 1, MICH., William A. DaLee, Inc., 4835 Woodward Ave. 
JACKSONVILLE, FLA., W. D. Taulman & Associates, 1463 Talbot Ave. 
KANSAS CITY 6, MO., G. C, Kahl, 454 Dwight Bldg. 

LOS ANGELES 31, CAL., C. P. Crowley, 711 Gibbons St. 


MEMPHIS, TENN., Write E. L. Shuff & Associates, Title Building, Atlanta, 








VENTURI METERS 


Metering the Flow of Water, Sewage, Sludge, or Air through 
Main Pipe Lines. 


TYPE M, FLO-WATCH AND CHRONOFLO 
INSTRUMENTS 


Metering the Flow of Water, Sewage, Sludge, Gas, or Air 
through Medium Sized and Small Lines, Open Channels, etc. 


PROPELOFLO METERS 


Totalizing flow meters of propeller type for main water line 


metering. 
SIGHTFLO INDICATORS 


Constant head-loss, variable area meters for water and sewage 
works applications. 


HOOK LIGHT SAND EXPANSION GAUGE 


Inexpensive, portable. Measures sand expansion with a light. 


VENTURI CONTROLLERS 


Effuent Rate, Wash Rate, Raw Sewage and Return Sewage. 


FILTER GAUGES 


Loss of Head, Rate of Flow, and Sand Expansion. 


LIQUID LEVEL GAUGES 


Settling Tanks, Filters, Clear Wells, Wash Tanks, Reservoirs, 


nic RATIO GAUGES 


Air/Sludge and Return Sludge/Sewage. 


KENNISON NOZZLES 
Metering Open Flow of Sewage, Sludge and Trade Wastes. 
CHRONOFLO TELEMETERS AND 
CONTROLLERS 


Flow, Liquid Level, Pressure, Temperature, and Chemical 
Feed Proportioning. 


TOLEDO-CHRONOFLO CONVEYOR 
SCALES 


Weighing Sludge Cake in Transit. 











PROPELOFLO METER 





Fig. 5—Propelofio Meter flange 
mounted. Available also in saddle 
mounting and bell and spigot models 


This improved propeller-type flow meter for main water line me- 
tering introduces many new features including streamline Venturi 
design. A self-contained unit easily installed; registers total 
flow directly in gallons. Accurate throughout wide range; low 
loss of head; low first cost and upkeep. Bulletin 350. 
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NEW YORK 7, N. Y., Builders-Providence, Inc., 20 Vesey St. 
PHILADELPHIA 22, PA., Builders-Providenve, Inc., 1649 No, Broad 
PITTSBURGH 22, PA., Builders-Providence, Inc., 1403 Oliver Bldg, 
ST. LOUIS 8, MO., Strickland & Co., 5579 Pershing Ave. 

ST. PAUL 1, MINN., Commonwealth Electric Co., 417 Broadway, 
SALT LAKE CITY 1, UTAH, Riter Engineering Co., 314 Kearns Bldg. 
SAN FRANCISCO 5, CAL., F. W. Kolb, 598 Monadnock Bldg. 
SEATTLE 1, WASH., Hugh G. Purcell Co., 323 Colman Bldg. 
MONTREAL, P. Q., CAN., Keith Mercer, 1100 Craig St., East. 
TORONTO, ONT., CAN., Control & Metering, 454 King St., W. 
WASHINGTON 5, D. C., Builders-Providence, Inc., 1427 Eye St., N.W, 


OVER 50 YEARS’ EXPERIENCE AT YOUR SERVICE 


Inquiries for recommendations covering the adaptation of standard metering and 
controlling devices are invited. 


Printed Bulletins, illustrating and describing 


equipment mentioned in these pages, are available on request. 


VENTURI TUBES 





Fig. 1—Herschel Standard Venturi Tube 





Fig. 2—VTS4 Venturi Tube 


The Venturi Meter is recognized as the standard for measuring 
the flow of water, sewage and air in main pipe lines. It consists 
of the Venturi Tube (Figs. 1 and 2) installed in pipe line, and 
the Register-Indicator-Recorder or other instruments connected 
to the Tube by two small pressure pipes. The proportions and 
length of the Herschel Standard Venturi Tubes were selected by 
the inventor from extensive experimentation and are designed 
for a minimum pressure loss. This usually has a definite eco- 
nomic value since it lowers pumping costs. The VTS4 Venturi 
Tubes are shorter, somewhat lower in price, but throats are not 
as interchangeable and pressure loss is somewhat greater. Bul- 
letin 143-B. 


a TYPE M REGISTER-INDICATOR.- 
RECORDER 
Se 
@ 


A popular instrument having the advantage of 
unusual sturdiness, durability, and accuracy; 
furnishes three distinct kinds of information: 
an indication of the momentary flow through 
the Venturi Tube; a permanent record of this 
rate shown upon a 12” circular chart; the total 
quantity on a 314” counter dial; all dials grad- 
uated in direct reading units for the particular 
Venturi Tube with which it is to be used. Bul- 
letin 324-A. 





Fig. 3—Type 
M Register- 
Indicator- 
Recorder 


FLO-WATCH 


A small, medium-priced mechanical in- 
strument universally applicable for use 
with Venturi Tubes, Nozzles, Orifice 
Plates, and Weirs: available in a variety 
of mountings and dial combinations. Bul- 


letin 318-B. 
BAROMETRIC MERCURY MANOMETER 


Model MAB is a simple, yet accurate, flow rate indicator with 
scale graduated directly in flow units; used with any type dif- 
ferential producer. Bulletin 343. 





Fig. 4—Flo-Watch 
Totalizer- 
Indicator-Recorder 
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VENTURI FILTER CONTROLLER 


Since Builders manufactured the 
first Venturi Filter Controller many 
years ago, Venturi Controllers have 
become standard equipment in fil- 





tration plants. Several types of 
controllers are offered, each type 
designed to serve particular con- 
ditions, automatically maintaining 
constant flow rate through the filter 






Fig. 6 — Model 

RCE Direct Act- 

ing Controller 
bed. 


THE MODEL RCE DIRECT ACTING 
CONTROLLER 











(Fig. 6) Features smooth, unwavering control; low loss of 
head; sturdy, balanced valve; compact design; powerful “float- 
ing piston” actuation and exclusive molded tapered piston seal. 
\j] rotating bearings of the Model RCE Controller are anti- 


friction bearings. 3ulletin 321-A. 


THE MODELS RCA AND RCB CONTROLLERS 


Hvdraulically operated. Model RCA has a control valve of 
the gate type with specially shaped port; Model RCB has a 
two-butterfly valve and is used on larger effluent lines. Bulle- 
tin 325. 

WASH WATER CONTROLLERS, MANUAL MASTER 
CONTROLLERS and CLEARWELL MASTER CON- 


TROLLERS also are available—information on request. 


+ ‘ T ~ 
FILTER GAUGES 
Builders Filter Gauges are the result of 
nearly a half-century’s experience in de- 
signing and manufacturing such instru- 
ments for hundreds of plants. Reduced 





to simplest mechanical elements, these 
gauges are styled and finished to enhance 
the attractiveness of modern filtration 
plant interiors. Bulletin 329. 


Fig. 7—Rate of Flow 
and Loss of Head 
Gauge 


RATE OF FLOW AND LOSS OF HEAD GAUGES are 
usually mounted on the operating table convenient to valve 
controls, but can be mounted on self-supporting floor stands 
where desirable. The indicator and chart display information, 
gathered by the accurate, dependable Builders Diaphragm Pen- 
dulum Units, have earned emphatic approval of water works 
engineers after more than a decade of service under all sorts 


if conditions. 


WATER LEVEL GAUGES, operated by spherical copper float 
ina pipe or well, are used for indicating and/or recording water 
level in basins, tanks, and reservoirs. Indicator dials and charts 
are graduated to read in feet of depth, elevation or other units 


BUILDERS LARGE DIAL ILLUMI- 
NATED GAUGES, available in 24” and 30” 
sizes with single or double faces for wall or 
ceiling mounting, are commonly used in wa- 
ter works to make readings visible to the 
operator from a distance. Concealed double 
hinges, a patented feature, allow access to 
the mechanism without removal from mount- 
ing. Indirect white gas-tube illumination 
gives a pleasing soft glow uniformly around 
entire dial circumference. 


Fig. 8—Large 
Dial Gauge 


A rate of flow instrument designed as a guide in 
maintaining normal flushing rates. The Indicator 
is a constant head-loss variable area meter and 
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HOOK LIGHT SAND EXPANSION GAUGE 





A novel and accurate 
means for determining 
sand expansion with a 
light during back wash- 
ing of filter beds. Amount 
of expansion is read di- 
rectly on scale without 
reference to water tem- 
perature or size of sand 
grains; duplicate readings 
within 1/16” can be con- 
sistently obtained. The 
Hook Light is inexpen- 
sive and entirely portable. 
3ulletin 348. 














FILTER 




















Fig. 9—Method of using Hook Light 
Sand Expansion Gauge 


RATIO INDICATING 
GAUGES are especially 
useful in sewage plant op- 
eration and enable operators 
to maintain predetermined 
ratio of flow rates between 
air/sewage, air/sludge, etc. 
Bulletin 329, 





Fig. 10—Five-Dial Ratio Gauge 


KENNISON NOZZLES 


Accurately measure flow through par- 
tially filled pipes and open channels 
where there is wide range in flow 
rates. This device is particularly suc- 
cessful off measurement of raw sew- 





age, sludge and trade waste; availale 
Bulletin 334-A. 


in size 6” to 36”. Fig. 11—Kennison Nozzle 


for Open Flow 


CHRONOFLO TELEMETERS 


Since their introduction a decade ago, Chron- 
oflo Telemeters have found broad applica- 
tion in water and sewage plant service in’ 
bringing to a central operating point, from 
widely scattered locations, accurate records 
of flow, level, pressure, temperature, gate 
position, and weight. Chronoflo Transmit- 
ters are electrically connected by a simple 
Fig. 12—Chronoflo two-wire circuit to Chronoflo Receiving 

Receiver Instruments. Automatic proportional control 





of Chemical Feeders in step with rate of flow 
is accomplished by a simple attachment to a 
standard Chronoflow Transmitter. 


SIGHTFLO 
FLUSHING WATER INDICATOR 





indicates at a glance the flow of clear water into Beno 
the taps or annular chambers of differential-oper- fw 
ated Meters. Bulletin 347. Soliaaiee 
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For Fig. 10, see — 
preceding page. 
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Fig. 8—Pressure Chamber Type of Instrument 
Using Mercury Sealed Bell (Courtesy of Simplex 
Valve & Meter Co.) 


- 
movement establishes the position of the rate-of-flow indicating 
hand, the rate recording chart pen and the driving roller of the 
motor-driven totalizer. These are respectively the upper, lower 
and middle dials (Fig. 9). 

A simple mechanical instrument, suitable for main pipes in 
small plants and for less important pipes in large plants, is 
very similar to the instrument shown in Fig. 13. This instrument 
can be used with either Venturi tubes or orifices for the meas- 
urement of water, sewage, sludge, air and other fluids. Principal 
features of this device are compact design, gear-driven integrator 
and universal mounting for floor, wall or panel. 

A portable and sturdy flow-rate indicating instrument of the 
barometric type is shown in Fig. 11. The rate scale, 22 in. 
long, can be graduated to read directly in units of flow. The 
slightest change in rate through the Venturi tube, or other differ- 
ential producer, will cause an immediate and relatively large 
response in the vertical movement of the mercury column within 
the single glass tube. In addition to this instrument, several 
types of manometers can be obtained for a variety of purposes. 
A double-tube type is especially suitable for general testing work. 
Graduations can be either in inches of deflection, or directly in 
rates of flow. 

Where the conditions of installation make the use of mechani- 
cally actuated instruments impracticable, electrically-operated 
transmitters with receiving instruments can be employed for 
remote metering indications and recordings. Numerous types or 
systems have been developed such as time impulse, stepped resis- 
tance, self-synchronous motor pairs and others. 

The time impulse system is used with Chronoflo transmitter 
and receiver instruments, Fig. 12 and 13. The transmitter re- 
ceives the differential pressure, and is usually installed close 
to the Venturi tube or other differential device. It contains a 
mercury float, a synchronous motor-driven mechanism and a 
magnetic mercury switch. These elements are so interconnected 
that for a portion of each cycle (4% to 1 minute), varying in 
duration in exact proportion to the rate of flow, electrical “time 
impulses” are sent to the distant receiving instrument. The 
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Fig. 11—Portable Flow- 
Rate Indicating Instru- 
ment of the Barometric 


Type 














Fig. 9—Modern Register-Indicator-Re- 
corder, with Pair of U-Tube Mercury 
Wells (Courtesy of Builders Iron Foundry) 


latter, through motor-driven magnetic clutch elements, trans- 
lates these impulses into flow units on the dial and chart. 

Weather-proof instruments for installation out of doors are 
readily available with substantial weather-proof metal housings. 

Metering instruments are logical sources of signal and control 
actions as related to flow rates. Lights, sound apparatus, power 
relay switches and other electrical elements can be readily actu- 
ated by such instruments at relatively small cost. 


Methods of Installation 


Two simple methods of installing Venturi tubes and instru- 
ments for the measurement of water are shown—Fig. 14. That 
for medium and high heads is on the left, and the method for 
low heads on the right. When the pressure is ten pounds or 


























Fig. 12—Transmitting Unit Fig. 13—Receiving Unit 
Chronoflo Time-Impulse Instruments for Remote Metering 
(Courtesy of Builders Iron Foundry) 
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the floor where the instrument is located, two small 
pressure pipes—one from the inlet and the other from the throat 
of the tube—form a direct connection. These pipes can be 
several hundred feet in length. Where the acting hydraulic 
head is low (e.g. raw water supply to filter beds) the usual 
mercury wells at the back of the registering instrument are 
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Fig. 14—Venturi Meter Installations 


Left—For Medium and High Heads 
Right—With Float Tubes for Low Heads 


removed and vertical inlet and throat float tubes are substituted. 
Cables from these floats lead to a differential actuating mechan- 
ism at the back of the instrument. 


Other types of installation require the mercury wells to be 
placed at a low elevation with a cable connection to the register 
above. With any of these types for the measurement of sewage 
and sludge, provision must be made for seals to prevent deposits 
from reaching the registering instrument through pressure con- 
nections, or for proper flushing with clean water. Such flushing 
may be either continuous or manually regulated, as the require- 
ments dictate. 


Air Relay System 


The use of compressed air as a medium for the transmission 
of the inlet and throat pressures of a Venturi tube, or other 
differential producer, to a distant recording instrument is fre- 
quently advantageous. One type of “air relay system” employs 


“two diaphragm units, one directly connected to the inlet and the 


other to the throat of the Venturi tube. Each unit consists 
(Fig. 15) of a hollow chamber (C) which is divided into two 
compartments by a solid rubber and fabric diaphragm (D). 
The inner side of the diaphragm is subjected to the liquid 
pressure from the tube; the outer side receives an external air 
pressure to balance the liquid pressure on the inner side. Air is 
continually vented through a throttled needle valve (N) attached 
to the diaphragm unit. Two small pipes, one from the inlet 
and the other from the throat relay unit, are connected from 
the outer compartments to the usual mercury wells at the rear 
of the registering instrument. The transmitted air pressures 
are exactly equal, respectively, to the actual inlet and throat 
pressure heads in the Venturi tube. 

_ This type of unit forms a seal between the tube and the 
instrument, which is especially important in metering sewage 
and sludge. In the measurement of sludge, unless it is “thin,” 


it is necessary to provide continuous water flushing through 
appropriate small sight-feed orifices. 

_Another well known type of air relay system operates with a 
single air pressure which is proportional to the amount of the 
liquid differential pressure. 
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Fig. 15—Diaphragm Unit for Air-Relay 
System 


Flow Summation 


Recent developments make it possible to summarize, on a 
individual meters in their respective discharge pipes. It may be 
single instrument, the readings of several meters. For example, 
a water works pumping station may have several pumps with 
desirable to totalize these separate flow rates for purposes of 
accurately introducing chemicals, such as chlorine, without 
wastage. In this case, an electrical transmitter (such as Chrono- 
flo) can be attached to each registering instrument (Fig. 16). 
The impulses sent out by these transmitters go to a master unit 
which integrates the respective values, and then transmits the 
total to distant summation indicating, recording and totalizing 
instruments, as required. 

In sewerage districts and sewage treatment plants, the sum- 
mation principle can be utilized to great advantage. Sewage 
flows from scattered communities can be summarized and trans- 
mitted to the central or joint treatment plant for the guidance 
of the operator, and for the allocation of operating charges. 
Likewise, flow divisions within a large sewage plant can be sum- 
marized for control purposes. 

Means can also be provided to give the difference in readings 
for two meters, or the difference of the combined rates of flow 
in groups of meters. 


Special Metering Instruments 


The marked trend in recent years of centralized control in 
water purification and sewage treatment has been accompanied by 
a fulfilled demand for the broader performance of main pipe- 
line meters. Distant transmission by air or electricity to cen- 
tralized panels and control tables, the ratio of one flow to another, 
the summation of flows to one or more central dials, the automatic 
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Fig. 16—Diagrammatic Arrangement of Flow Summation Instru- 
ments for Cermak Station, Chicago 


controls of flows and distant pumps to maintain perdetermined 
levels or rates, the proportioning of chemical dosages to main 
flows and other functions, are examples of modern metering 
requirements. The design and finish of the instruments them- 
selves have been “modernized” to harmonize with the present 
architectural attractiveness of plant interiors. Effective illumina- 
tion has been likewise provided for single- and double-faced 
master indicating gauges, frequently of large diameter. 

A flow and ratio gauge for each unit in a modern activiated 


Installation Requirements 


To insure the proper application of metering equipme . 
data should always be obtained from the meter manuieciat _ 
a particular installation. However, in general, certain standard 
requirements are noteworthy. d 

The Venturi tube should preferably be preceded by a strai hi 
length of pipe having the same diameter as the tube; this | : 
being at least six times the tube diameter up to 24 in, and 
least 12 ft. for larger sizes. Where space is limited, or there . 
the probability of turbulent or spiral flow ahead of the the 
straightening vanes may be required. Any kind of fitting ma 
be placed at the outlet end of the tube. Since the centrifugal 
pump is almost universally used in water works and sewera 
systems, pulsations in flow are rarely encountered. Howe 
such condition may occasionally be presented and must receive 
special consideration. It is essential in making pressure Pipe 
connections that they be run on a continuous grade, avoidin 
summits or depressions where air or silt may collect. . 

The Parshall flume must be set at the proper elevation with 
respect to the channel, preferably so that it can operate at all 
times under “free flow” conditions, with a limit of 95% syb. 
mergence. It should be located in a reasonably straight section 
of channel, where the distribution of flow is fairly uniform 
The flume, however, will operate satisfactorily under rather poor 
approach conditions. The dimensions and proportions of the 
flume must adhere to the established standards. 

In installing the Kennison nozzle, care must be taken to pro. 
vide proper approach conditions. This device should be preceded 
by a section of pipe at least eight diameters in length, and the 
water or sewage must flow smoothly from the nozzle under free 
discharge. Any conditions of installation which might cause a 
“shooting velocity” at times, should be corrected by the use of 
proper fittings upstream. 

Orifice plates are more sensitive to approach conditions than 
Venturi tubes, and require a straight length of smooth pipe both 
upstream and downstream from the plate. For the upstream 
the length required may vary from five to thirty diameters, 
while for the downstream length—up to eight diameters, depend- 
ing upon the piping layout and the diameter ratio. Straighten- 
ing vanes may be required to eliminate swirls, cross currents and 
eddies; their use may make it possible to shorten the necessary 
lengths of pipe as just mentioned. 


Conclusion 


Certain fundamentals of main line metering and some of the 
modern developments in metering equipment have been briefly 
discussed. Emphasis is placed upon the importance of regarding 


























sludge plant is illustrated, Fig. 17. There are five dials, the 
three largest showing (left to right) rates of air flow, sewage 
flow and return sludge flow to an aeration tank. The two 
smaller dials show (left) the ratio of air to sewage—in cu. ft. 
per gal., and (right) the ratio of return sludge to sewage—in 
per cent of sewage flow. In addition, there is an automatic 
control knob for pre-setting the latter ratio for any desired 
value. A pair of these five-dial gauges are mounted on one 
control table similar to those used in water filter plants. 
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Fig. 17—Special Flow and Ratio Gauge for Modern Activated Sludge Plant, 
Baltimore, Md. 


each meter installation as an engineering problem, which requires 
the consideration and advice of experienced manufacturers. Low 
cost equipment may properly serve for relatively unimportant 
work, but is entirely unsuitable for checking the daily perform- 
ance of main units and for controlling the efficiency of treatment 
processes. In general, the highest grade of equipment as offered 
by prominent manufacturers cost only a small fraction of the 
total construction contract on important projects. Obiviously, 
the best is the wisest selection. 
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PROPELLER-TYPE METERS 
For Main-Line Metering 


JAMES M. MONTGOMERY, Consulting Engineer* 
Los Angeles, Calif. 


HE principle of the current meter has been used as a primary 
cain element for the measurement of stream flows for 
over thirty years. During the past fifteen years this same cur- 
rent meter principle has been applied as a primary element for 
the measurement of main-line flows by R. W. Sparling, of Los 
Angeles, and has proven itself well suited for this purpose. 


The Propeller-Meter 

The propeller-type meter, as illustrated in Figure I, is made 
up of a six-bladed propeller approximately eight-tenths of the 
pipe diameter mounted transversely in the center of the pipe. The 
propeller is made of a plastic material, having a specific gravity 
of approximately one, and is suitable for use in either cold water 
or hot water up to 300° F. The propeller practically displaces its 
own weight in water and is mounted on ball bearings which allow 
it to rotate freely in the stream of water. 


Calibration 

Experiments and experience have shown that a propeller will 
rotate in direct proportion to the velocity of water in a pipe at 
all flows above an approximate pipe velocity of one-half linear 
foot per second. The index, or the number of cubic feet passing 
through the pipe for each turn of the meter shaft, is determined 
from volumetric tests. From this index proper gears are fur- 
nished for direct totalization of the flow. 


Characteristics 

The current metering principle has certain characteristics that 
make it particularly well adapted for main-line measurement, 
as the action of the propeller is solely dependent upon the velocity 
of flow in the line. The pressure requirement is only such as to 
always maintain a full pipe of water. The loss of pressure caused 
by the metering element in sizes 6” and larger does not exceed 
six (6) inches of water at normal maximum pipe velocity. 

Continued accuracy of the current type meter is dependent 
chiefly upon maintaining a clean metering section and a propeller 
free from incrustation. The plastic propeller has proven itself 
well suited for this purpose as it is practically inert and will re- 
sist both corrosion and electrolytic action. In order to maintain 
a uniform meter section the propeller assembly may be mounted 
in either a cast-iron or steel tube having a bronze liner. 


Installation 

The metering element may be installed directly on existing pipe 
lines by means of a saddle either bolted or welded directly on the 
main. In such installations it is important that the inside diam- 
eter of the pipe be accurately determined. 
In all installations the meterhead may be 
removed from the pipe line very quickly and 
easily and it is normally good practice in 
sizes 12” and smaller to make a yearly in- 


One pipe diameter downstream is normally sufficient for all in- 
stallations. Unless approximately ten pipe diameters are avail- 
able ahead of the meter, it is always good practice to use the 
straightening vanes. When the metering element is installed 
complete, with either a flange or bell and spigot tube, the three 
vanes mounted directly inside this metering section constitutes 
a complete unit ready for installation. 

The metering element can be installed in either a vertical or 
horizontal pipe line and is suitable for mounting on either the 
suction or discharge side of a centrifugal pump. 


Compound Design 

Figure II is a sectional illustration of a compound meter suit- 
able for use where an extremely wide range of flow measure- 
ment is required. A range of 150 to 1 is possible. A compound 
unit consists chiefly of two propeller-type meters working in series 





Fig. I—Cutaway View of Propeller. Meter 

Note the flow straightening vanes in the 

tube, the whole unit ready for insertion as 
a single piece in the main-line. 


through a pair of rachet clutches, allowing the meter revolving 
at the highest speed to drive the totalizing register. On the very 
low flows the large meter will under-register and thus allow the 
small meter to drive the totalizer. As the flows increase a pipe 
velocity is reached where the large meter has come into step 
and the small meter is operating at a high capacity. At this 























spection and sizes 16” and larger, every 


all 7. 7 ) I : ar 








five years. 

In selecting the proper location for the 
metering element it should be kept in mind 
that a normal flow of water, free from a 








either spiralling or jet action, is required ) 
for accurate results. The spiralling effect 
that may be caused in a flow of water pass- 
ing through a series of elbows, can be 
largely corrected by installing straightening 
vanes in the line preceding the meter. 
Various forms of such vanes are in use 
but a very simple and effeetive correction 
may be made by the installation of three 
vanes —each approximately one-third the 
pipe diameter and two and one-half pipe diameters long, set at 
120 degrees to each other in the pipe. These vanes will not elim- 
inate a disturbance caused by a partially open gate-valve, but are 
effective for double elbows or other standard fittings and with 
such vanes the meter element may be installed with but two pipe 


diameters of straight approach. 











*President, J. M. Montgomery & Co., Engineer. 
































Fig. II—Section Through Propeller-Type Compound Meter Note valve which closes 
on low flows to cause entire flow to pass through small meter. 


point the pressure loss caused by the small meter operating on 
the differential area of the compounding valve forces the valve 
to lift itself and allow the higher flow to by-pass the small 
meter. 

Although the minimum flow is considerably above that of the 
standard domestic compound meter it is well adapted for main- 
line measurement as the pressure loss caused by the entire unit 
does not normally exceed two pounds at maximum flow. 
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Indicating and Recording Elements 


A rate-of-flow indicating and recording instrument may be used 
in conjunction with the straight totalizing primary element. The 
primary step of a current type meter is direct totalization. If 
the rate-of-flow indication is desired it must be obtained through 
a secondary step normally involving either a governor bowl or 





Fig. I1I1—Typical Sparling Indicator-Re- 


corder of the Mercury Governor Type. 


a friction plate revolving at a constant speed with a follow 
locating itself on the plate by impulses from the primary dene 

Figure III illustrates the recording instrument involving a goy 
ernor bowl which is driven either mechanically up to 15 feet from 
the metering element, or electrically to any distance required, The 
governor bowl consists chiefly of a float riding in the center of a 
mercury well. As the governor revolves, the mercury, through 
centrifugal force, finds its way through a small needle-valye to 
the outer chamber of the bowl, allowing the float in the center 
to have a rising and falling action in proportion to the revolvin 
speed of the bowl. This type of governor is effective over - 
proximately a 6-to-1 range and is extremely simple and wel 
suited for normal pump like measurement. 

A recording instrument utilizing the revolving friction plate 
with a follower locating itself by impulses from the metering ¢e. 
ment, as mentioned above, produces.a straight line of rate inj. 
cation over approximately 25-to-1 range and is well suited for 
recording flows of main distribution or consumption lines, 

Recorders can be adapted to show the combined flows of two 
or more pipe lines and combinations may be furnished showing 
the net total of several lines where the flow of any one pipe may 
be in either forward or reverse direction. ; 


Application in Chemical Feed Control 


Automatic control of chemical feeders by either mechanical or 
electrical means is readily obtainable from a current meter ele. 
ment as the shaft of the meter is revolving in direct proportion 
to the flow and considerable load may be applied without affecting 
the rotating speed of the propeller. 

If given the periodic inspection required vy any primary meter- 
ing element, the characteristic of low pressure loss and accuracy 
over a wide range of flow allows the principle of the current 
meter to fill an important part in the waterworks field. 

The propeller-type meter is not suitable for measuring raw 
sewage and is not generally recommended for measurement of 
a sewage effluent unless it has passed through a filter bed. Care 
must also be taken when installing such meters on raw water 
gravity lines that screens are provided at the inlet structure to 
prevent excessive algae or weeds from passing down the pipe and 
stalling the meter propeller. 
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WHERE THE 


WATER DOLLAR GOES 


Here is an interesting and enlightening chart taken 
from the 22nd Annual Report of the Water Depart- 
ment, Springfield, II. 


It is based on a survey made by H. V. Pedersen, 
Water Supt., at Marshalltown, Iowa, to determine 
what percentage of water in the average consumer’s 
home goes for various uses. 


The Springfield folks have taken these percentages 
and made them more real to the customer, by show- 
ing him that out of every dollar paid for water used 
it only cost him 1 cent to wash his car, only 4 cents 
for laundry work at home, 3 cents for sprinkling in 
summer. 
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MANUFACTURER OF 


R. W. SPARLING 


MAIN-LINE WATER MEASURING EQUIPMENT 


Box 3277, Terminal Annex, LOS ANGELES 54 3104 S. Michigan Avenue, CHICAGO 16 


622 Broadway, CINCINNATI 2 101 Park Avenue, NEW YORK 17 


6 Beacon Street, BOSTON 8 
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OTALIZATION is the primary step in all Sparling 

Main-line Meters. Within its rated range, each rota- 
tion of the propeller marks the passage of a definite quan- 
tity of water. The revolutions are registered at the total- 
ier in the unit quantities desired. Each meter is tested 
against volumetric tank measurement and is guaranteed 
to be accurate within 2 per cent. Loss of head pressure is 
negligible. 

The meterhead may be 
saddle-mounted on the 
pipe, or is installed as a 
tube section, as shown. 
Saddle type meters, 2- 
inch to 72-inch; screw- 
tube meters, 2-inch to 6- 
inch ; flanged tubes 2-inch 
to 36-inch ; bell and spigot 
tubes, 4-inch to 36-inch. 
Compound Meters from 
6” x 2” to 36” x 10”. 


















Compound Meters for Reg- 
istration of flows as wide as 


flow equivalents. 





Cutaway view of Sparling Meter. Note Direct 
Action from Propeller to Totalizer 


low-rate indicators and recorders are 
added if, as, and when, required. They 
are mechanically controlled within 15 
feet of the meter, or electrically con- 
trolled at any distance. Instruments may 
be Pedestal, \Wall or Panel mounted. 





Above is a differential type recorder, with straight-reading, 
60-day strip roll chart. These operate electrically at any dis- 
tance from the meter. The scale is equally calibrated in two 


1 to 125 
SPARLING Compound Meters measure flows Autometered controls with Sparling Meters are used in 
over ranges as wide as 1 to 125. There is no sharp water treatment plants, pulp and paper mills, steel mills and 
cut-over point and pressure loss is the lowest of many industries, for proportional sampling and chemical 


any compound meter. feeding. 


Typical Pumping Station 
Installations 


Sparling Meters may be installed 








on the suction or discharge side of 














the pump, in vertical or horizontal 
position, Note at left of sketch, a 
Bell & Spigot Compound Meter with 
remote recorder and solid extension 
controlling chlorinator. A saddle 
mounted meter on wood or transite ae | Se | & 
pipe is also shown. For further de- 

tails, see Bulletin No. 308, sent upon 











request. 
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NOMOGRAPHIC CHART FOR FLOW IN PIPES 


Full and Partly Full 


By H. M. GIFFT 
Asst. Prof., Cornell University, Ithaca, N. Y. 


RACTICALLY all flow problems can_be solved by using 


either of two general equations, V = CR*S’ and Q = AV, 
or a combination of the two. Manning’s formula, 
1.486 2 1 
V =—— R— S~— is probably more practical for an algebraic 
n ;+ @ 


solution and is used extensively for open channel problems. The 
Hazen-Williams formula, V = 1.318CR°®S°*™, is commonly used 
for flow in pipes under pressure. Because of the odd exponen- 
tial functions, solution is ordinarily by alinement charts or loga- 
rithmic graphs. 

The most common type of alinement chart is constructed for 
one friction coefficient and consists of parallel scales for the four 
variables Q, D, S and V, where Q = quantity, D diameter 
of the pipe, S = slope of pipe, and V = velocity of flow. If 
the scales are located properly in relation to each other, solution 
may be had by a single alinement of a straightedge between any 
two unknowns to find the other two. Often two S scales are 
constructed on opposite sides of the line to provide for two pos- 
sible friction factors. Such charts are found in most texts on 
water supply, sewerage, and hydraulics. 

Sometimes it is desirable to solve problems for other values of 
C, in which case it is necessary to provide a pivot line along 
with the five variables Q, D, V, S and C. Most charts which 
appear in various hydraulics texts and handbooks include only 
four variables, and the fifth is obtained by solving the 
simple equation, Q = AV. All five variables, however, can be 
included, and by a proper arrangement of scales and pivot line 
it is possible to construct a chart to solve all full pipe flow 
problems. 

Such a chart appears herewith. The solution of ordinary 
problems by this chart is quite simple. Since there are five 
variables and only two independent equations, Q = AV and V 
= 1.318CR°™S°™, three of the quantities must be known or as- 
sumed. An alinement of a straightedge is made between any 
of the two variables on the same side of the pivot line. The 
straightedge is then pivoted to the third known quantity on the 
other side of the pivot line and the desired quantities read. 


Solving Simple Pipe Flow Problems ~- 


Example I. Assume that a sewer to carry 10 cfs., when flow- 
ing full but not under pressure, is to be laid on a grade of 0.1 
per cent. To determine the required diameter of pipe and the 
resulting velocity of flow if the C is assumed to be 100. 


\ straightedge is lined between C = 100 and S = 0.001 and 
the point of intersection with the pivot line is located. The 
straightedge is then pivoted about this point to Q = 10 cfs.; 


the diameter of 28.5 in. and the velocity of 2.25 ft. per sec. are 
read on the appropriate scales. 

Example II. To determine the loss of head in a 24-in. water 
main carrying 20 cfs. if C = 120. 

The straightedge is lined between Q = 20 cfs. and D = 24-in., 
and the point of intersection located on the pivot line. (The 
velocity is noted to be 6.5 ft. per sec.) The straightedge is then 
pivoted to C = 120 and the loss of head is 6.3 ft./1000. 


Application of Chart to Equivalent Pipe Problems 


Various other problems can be solved by a proper use of the 
chart. For example, in water distribution design it is sometimes 
desirable to determine the size of pipe which would be equivalent 
to several other pipes acting in parallel. If the pipes are all of 
the same length, any convenient point may be chosen on the 
pivot line and the discharges corresponding to the various sizes 
determined by successive alinements of the straightedge from the 
single point on the pivot line. The equivalent pipe will be found 
by alinement of the straightedge between the same point on the 
pivot line and a quantity equal to the summation of the indi- 
vidual quantities already determined. 

Example III. To determine the size of a single pipe equiva- 
lent to 12-in., 10-in., and 8-in pipes all of the same length and 
acting in parallel. Any point is assumed on the pivot line, say 
where Q, = 40 gpm. and D = 12-in. Then, holding this same 
pivot point, for D = 10-in., Qe = 25 gpm., and for D = 8-in., 
QO, = 14 gpm. Then for Q = Q, + Q2 + Q: = 79 gpm., the 


equivalent pipe is 15.5 in. in diameter. 
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In case the given pipes are not of the same length, a total loss 
of head must be assumed and corrected to the loss of head pe 
thousand feet for each of the pipes. From any single valye of C 
and the computed three losses of head, three points are located 
on the pivot line. From these three points and the correspond 
ing diameters, first Q:, Q2 and Qs are determined and the equiva. 
lent pipe is found as above. 


Determination of Friction Coefficient 


The resistance to flow in a water main may increase over , 
period of years. This change may be due to a change in th 
surface characteristics or a reduction in effective cross section 
due to deposition in the pipe. Thompson’ has shown that floy 
characteristic of a length of main may be determined rathe; 
simply by a series of pressure measurements and a single meas. 
ured flow from a hydrant. A detailed description of the tes 
appears in the original article. 





Fig. 1.—Diagram of Flow Where “C” is Sought 
Assume a certain quantity of water, Q, is drawn from a 
hydrant and the corresponding pressure heads determined at 
points on either side of and at the hydrant, these pressure heads 
being represented by 
H: — H:z 
Then ————— = S; represents the loss of head 


Li 
A : H, a H; 
per foot for the length above the hydrant and ————~— = §, 
cn 


H;, He, and Hs. 


represents the loss of head below the hydrant. (See Fig. 1.) 


Letting X represent the flow in the pipe in addition to the 
measured quantity, Q, then 


X+Q 
—— = 1.318 CR®-* $,°:* 
A 


and 


x 
— = 1.318 CR°-** §,°.6 
A 


from which 
Q = 1.318 ACR®-* (S,°-* — S.°-54) 


Q 
16.55D2% (S,°-"%4 — $9.54) 

This equation can easily be solved by means of the chart and 
the special scale of S and S°™ at the bottom thereof. S: and 
S. are converted to S,°™ and S.”™ and the results subtracted to 
give (S’)°™. Then (S’)°™ is converted to S’ and this value 
is used on the nomographic chart to determine C. 

Example IV. Pressure head measurements at the three points 
are H, = 91.2 ft. He = 83.6 ft., and Hs = 80.7 ft. when the 
quantity, Q, being drawn is 0.5 cfs. The size of the main is 
12-in., L, = 500 ft. and L. = 470 ft. 


H, — Hz 91.2 — 83.6 
= = 0.0152 — S 


or 








Ta 500 
and S,°™ from the special scale is 0.105. 
H:—H: 83.6 — 80.7 
Lz 470 
and S.°* = 0.063. Then S,°™* — S.°* = 0.042 and S’ = 0.0024. 


To determine C, line the straightedge between Q = 0.5 cfs. and 
D = 12-in., and locate the point of intersection on the pivot line. 
Then lining the straightedge between the point on the pivot line 


'Thompson, R. E., Resistance Coefficient Calculation from In- 
cremental Flow Measurement Jour. AWWA. 36, 163, Feb., 1944. 


= 0.0063 = S: 
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and S’ = .0024 on the loss of head scale, the intersection on the 
C scale is 29. - 

The increased resistance to flow may be shown in another way 
by determining the approximate effective diameter of the pipe. 
For the above conditions, the straightedge is lined between C = 
100 and S’ = .0024 on the slope scale and a point of intersection 
located on the pivot line. Then pivoting about this line to Q= 
0.5 cts., the intersection on the D scale shows a diameter of 7.8 
inches, indicating incrustations on the inside of the pipe approxi- 
mately 2.1 inches in thickness. 

To determine the approximate value of X (the flow in addi- 
tion to the measured Q), the straightedge is lined between C = 

H.— Hs 
100 and S = ————— = .0062 to a point on the pivot line. Then 
Ll, 
pivoting to the estimated effective diameter of pipe, 7.8 inches, 
as previously found, X is 0.9 cfs. 

It should be remembered that the pressure heads must be de- 
termined with reference to the same datum plane. If the mains 
at the three points of pressure determination are not at the 
same elevation, the differences in elevation above the lowest 
point must be added to the pressure heads determined by the 
pressure gauge readings. 


Application of Chart to Pipes Flowing Partly Full 


Theoretically, when a pipe is flowing half full, the velocity V 
is equal to the velocity when flowing full, Vr, and the discharge 
Q is half of the full discharge Qr. A line on the chart between 
Or 
~ and Vr would also represent the discharge q, the diameter d, 


the slope s, and the velocity v, of a hypothetical pipe flowing full 
and having a slope of 1.5 times the slope S of the pipe being con- 
sidered. 
From V = 1.318 CR°“ S°*™ 
and A, we obtain 
V4s-i6 
Q = 5.25 —— -- 
(18.18 S1.72 


and Q = AV, by eliminating R 


° . 9 v as s\n 
from which may be written —_— =(<-) ou 
Qr Vr s 


9 Vv 4.16 
gts) 
This equation, together with the computed relationship between 
partially full flows and corresponding velocities, is plotted in Fig 
2. Since the two curves are very close, the corresponding , 
and V of the pipe flowing partly full at various depths would he 
practically equal to the q and v of a series of hypothetical pipes 
flowing full, and of s = 1.50S. 

Also from V = 1.318 CR*@S*" and Q = AV, by eliminati 
V we may write Q = 16.55CR**S°*™. me 

Then — 


a d \2-63 » 0.54 

a d 2.63 
— = 1,25 (=) 
Qr D 


This equation, together with the computed relationships be. 
tween partial flows and corresponding depths, was also plotted in 
Fig. 2. Over the range of values from q=0.1Qr, the d of the 
series of pipes flowing full is approximately 0.2D greater than 
the actual depth of the flow in the partly full pipe. Therefore. 
within these limits, approximate depths of flow can be deter- 
mined by subtracting 0.2D from the indicated d of the hypotheti- 
cal pipe. Three examples follow. 

Example V. To determine V and depth of flow when D = 
30-in., C = 100, S = 0.0006, OQ = 2.0 cfs. 

From the intersection on the pivot line as determined by lining 
a straightedge between C = 100 and S = 0.0006, and pivoting 
to D = 30 in., Qr = 8.5 cfs. and Vr = 1.75 ft. per sec. A line 

Or 
from — = 
> 


= 6. 


on 


Inasmuch as s = 1.50 S then 


and inasmuch as s = 1.50S, 


4.25 to Vr = 1.75 intersects the pivot line again. 


~ 


Pivoting about this point to Q = 2.0 cfs., then V = 1.45 ft. per 


sec. 
The depth of flow is 0.20 less than the 
intercept of 1.33 on the diameter scale. 





1.o tT T 





09 14D 4 f 
/ 


¥ 
NL 0.04N, Depth = 1.33 — 0.50 = 0.83 ft. Using the 
/ same pivot point, other corresponding values 
of Q, V, and depth of flow can be obtained. 








Z 
} 0.19D / 


0.02 Ve 


A simpler solution may be obtained by 
making the original alignment bet ween 





ya TAL 


C = 100 and s = 15S = 150(0.0006) = 
.0009 to determine the pivot point directly. 





/ 


Since this method simplifies the solution and 
the calculation of 1.5S can be done mentally, 
this method is preferable. 





0S ! 0.210 


Example VI. To determine D and mini- 
mum slope S, such that V = 1.5 ft. per sec. 
at minimum flow when Or = 14 cfs., C = 














90, Quin = 2.1 cfs. 
A straightedge is lined between Q = 21 
and V = 1.5 to determine a pivot point. 


Or 








9 
w 











—AS PROPORTION of Fut 
> 
So }D 


0.20D 


Pivoting about this point to —— = 7.0, then 
2 


Vr = 1.97. A straightedge between this Vr 
= 1.97 and Qr = 14.0 yields D = 3.0 ft. 
and determines a new pivot point. Pivoting 
about this second point to C = 90, then S$ 
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DiscHarge 























0.18 D + 0.06 Ve 





= .0073. 

Example VII. To determine the slope 
when D = 6.0 ft.. C = 110, Q = 250 cfs., 
V = 12 ft. per sec. 

The straightedge is lined between Q = 
250 and V = 12 to locate a pivot point. 
Pivoting about this point to 

D 
d —+ 0.2D = 4.2 ft. 


9 
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DEPTHS OF Flow —- 


4S PrROporRTIONS oF FuLt Flows. 
Relation of Discharge to Depths of Flow and Velocity 


Fig. 2 
in Partly Full Pipes 
(/n terms of proportions of full pipes) 
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on the diameter scale, then q = 150 = —— 


VELOCITIES 2 


and v = 10.3 ft. per sec. =Vr. Then pivot- 
ing around Vr = 10.3 to Qe = 2 x 150= 
300, D = 6.0 ft. (as given) and a new point 
is determined. Finally pivoting to C = 110, 
S is found to be .0048. 
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PRACTICAL HYDRAULICS* 


By P. S. WILSONT 
Glen Ridge, N. J. 


|, The Sharp Crest Weir 

The so called Sharp Crest Weir is a very useful device for the 
measurement of water flowing in open channels or streams. A 
knowledge of the few simple rules governing the design and use 
of weirs will make it possible to measure the flow of water shed 
streams contributing to reservoirs, to estimate the overflow or 
leakage of dams and to make other measurements of use to the 
water works operator. ; 

By a Weir is meant a bulkhead or dam over which the water 
fows, or more particularly, a notch in the top of such a struc- 
ture through which the water flows. As shown in the illus- 
tration (Fig. 1), it usually consists of a rectangular notch and 
it is then known as a Rectangular Weir. 

The Crest of a weir is the bottom of the notch, the level to 
which the water must rise before any can flow over. It is the 
edge or sill over which the water flows. A weir is a Sharp 
Crest Weir when the bottom edge of the notch, or the crest, is 
constructed so as to be as sharp as possible, flush with the up- 
stream face of the dam, and with the opening beveled or en- 
larged on the downstream side so that the stream of water as 
it passes through the opening will only touch the crest along 
one sharp edge, as shown in Fig. 2. In the laboratory the crest 
is kept as sharp as a knife edge. In practice the edge of a metal 
plate or angle iron, as shown in the illustration, is usually sat- 
isfactory unless extreme accuracy is desired. The upstream 
face of the weir should be vertical, and of course the crest 
should be exactly horizontal. 

The Head on a weir is the difference in elevation between 
the crest of the weir and the surface of the water in the pool 
upstream from the weir. With any given weir there is a fixed 
relation between the head and the amount of water being dis- 
charged, thus by measuring the head the discharge may be de- 
termined from the formula or table which applies to that par- 
ticular form of weir in use. 

The relation between the head and the discharge of a weir 
is different with different forms of crest and different shapes 
of notches. Different formulas must be used with such dif- 
ferent weirs. The reason for making a weir sharp crested is 
that by so doing a weir can be built which can be used for the 
measurement of water without the necessity for making spe- 
cial tests to determine what the formula is. The formula for 
rectangular sharp crest weirs is known, and it has been found 
easier to reproduce standard conditions by the use of the sharp 
crest design than with most other forms. Most weirs built for 
the measurement of water are therefore constructed as sharp 
crest weirs. 


Weir Formulas 


One of the most commonly used formulas for use with rec- 
tangular sharp crest weirs is known as the Francis formula, 
named for its originator, Mr. J. B. Francis, who performed 
extensive experiments on weirs at Lowell, Mass., in 1851. This 
formula is as follows: = 

Q= 333 x LXh X Vh 

In this formula :— 

Q = Discharge of the weir in cubic feet per second. 

L= Length of the weir crest in feet. 

h = Head on the weir in feet. 

Vh= The square root of the head in feet. The square 
root of the head is the number which, multiplied by 
itself, equals the head. 


(h X Vh is often expressed as h*/*, but it is more readily 
computed if considered in the form given above.) 

Example: A sharp crest rectangular weir is 5.00 feet long 
and has a head of 0.42 feet (5 inches) on it. 

(The square root of 0.42 is 0.65, because 0.65 x 0.65 = 0.42.) 

Q = 3.33 & 5.00 X 0.42 x 0.65 = 4.55 cu. ft. per second. 
The Francis formula given above is most accurate for heads be- 
tween about 0.30 feet and 2.00 feet. A small error in deter- 
mining the head makes such a large error in the discharge at 
very low heads, that for most practical purposes this formula is 
sufficiently accurate at all heads up to about 2.00 feet, and it 
is fairly accurate for higher heads also. The great advantage 
of the Prancis formula is the fact that it is much simpler to 


*From Water WorRKS AND SEWERAGE. 
tConsultant in Water Works Practices. 





compute than most of the others. The principal other for- 
mulas are known as the Bazin formula, the Fteley and Stearns 
formula and the Rehbock formula. A complete treatise may 
be referred to for the details of these other formulas. 

For convenience the results of the computations from a weir 
formula may be arranged in a table, as shown in Table I. The 
discharge read from the table may be multiplied by the length 
(in feet) of any sharp crest weir to obtain the discharge. 





Fig. 1—Rectangular Sharp Crest Weir 


TABLE I—DISCHARGE OF A SHARP CREST WEIR PER FOOT 
OF LENGTH BY THE FRANCIS FORMULA 
Discharge per Foot of 
Length of Weir Expressed in 


Head Expressed in Cubic Feet Gallons 
Feet Inches per Second per Minute 
01 r+} -0033 1.6 
.02 .0094 4.2 
-03 ay .0173 1.8 
.04 1% .0266 11.9 
-05 54 -0872 16.7 
.06 % .049 22.0 
.07 Vy .062 27.7 
.08 1 .075 33.8 
.09 1% .090 40.4 
.10 1% -105 47.2 
12 1% -138 62. 
-14 15 -176 78. 
16 1% -213 96 
18 26 .254 114 
-20 3 298 184. 
22 2 344 155. 
.24 24 392 176 
-26 3 441 198. 
-28 3 49 222 
.30 4 55 246 
32 3 60 271 
.34 4\% 66 296 
.36 434 72 323 
.38 4ly 78 350 
40 4% 84 378 
42 5 91 407. 
44 5% 7 436. 
46 44 1.04 467. 
.48 5 1.11 497. 
.50 6 18 630. 
55 6 1.36 610. 
.60 7 1.55 690 
65 7 1.75 780. 
-70 8% 1.95 870. 
-75 9 2.16 970. 
.80 95% 2.38 1070. 
-85 10% 2.61 1170. 
.90 10% 2.84 1270. 
-95 11% 3.08 1380. 
1.00 12 3.33 1500. 
a A 
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ll. The End Contractions of a Weir 


There are two methods of constructing the ends of the weir. 
The first of these is shown in Fig. 3 and results in what is 
known as a weir with end contractions. In this design the sharp 
crest of the weir as formed by the bottom of the notch is con- 
tinued up the ends of the notch, thus forming sharp edged ends 
for the weir. The water in flowing around these sharp cor- 
ners then follows a course very similar to that taken in flow- 
ing over the edge of a sharp crest. In flowing around the edge 
from behind the weir it cannot change direction sharply and 
it curves inward toward the center of the weir contracting the 
stream as shown in the illustration. 

The other method of designing the ends of the notch is to 
build it so that it extends the full width of the stream at that 
point, allowing the sides of the channel to form the ends of 
the notch and continue upstream at that width for a short dis- 
tance, at least. An example of this method of construction is 
shown in Fig. 4. When so built it is known as a weir without 
end contractions because the water in this case flows straight 
over the crest, the stream continuing full width all the way. 
The weir thus consists of a simple dam or bulkhead across the 
channel. 

It may readily be seen that if two rectangular sharp crest 
weirs have the same length and are flowing under the same head, 
the one that has end contractions (Fig. 3) is not discharging 
as much water as the weir without end contractions (Fig. 4). 
It has been found by experimentation that with sharp edged 
ends and a wide channel abové the weir, so that the over-fall- 
ing stream is fully contracted, the effect on the discharge of 
the weir is the same as if the length of the weir were reduced 
by a distance equal to one-tenth (0.1) of the head at each 
end of the weir. 

For example: A sharp crested, rectangular, vertical weir 
is three feet long and the ends are so constructed that the flow 
will be fully contracted. If the head is one foot, then the ef- 
fective length of the weir is reduced by one-tenth of a foot at 
each end making its effective length (3.0 — O.z) = 2.8 feet— 
a reduction in capacity of about 7 per cent from the capacity it 
would have had without end contractions. Failure to make this 
correction might constitute a rather serious error. 

If the head on the same 3 foot weir were only 0.1 foot in- 
stead of 1.0 foot (or if the length of the weir were increased 
to 30 feet with a head of 1.0 feet) then in either case the re- 
duction in effective length would be only about 0.7 per cent which 


a 
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Fig. 3—Weir with End Contractions 


would be a negligible error except in the most precise measure- 
ments. 

It is thus seen that the importance of making the correction 
for end contractions depends upon the relative head and the 
length of the weir. If the head is more than one twentieth (5 
per cent) of the length then end contractions will require a 
correction of more than 1 per cent and should certainly be ac- 
counted for. 

Weirs are seldom operated in practice under a head suffi- 
ciently great in proportion to the length that the correction for 
end contractions is of importance. In such cases it is evident 
that it does not matter how the ends of the weir are built. 
Many weirs under practical conditions are built so that they 
do not have theoretically sharp edged ends and yet neither 
are they ended against the sides of the stream channel. The 
ends may merely be formed by the wood or masonry of which 
the dam bulkhead is built. In such cases we know that there is 
some end contraction but we do not know how much. Such a 
weir should be checked up to determine whether the end con- 
traction correction would be of importance if it were complete. 
If it is found that the relation between the maximum head and 
the length of the weir is such that the correction would not be 
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Fig. 4—Weir Without End Contractions 


of importance (less than 1 per cent), then we know that it dos 
not matter what it actually is and it can be neglected. It js 
found that the end contraction correction is of importance th 
either it must be estimated or else actual measurements of the 
flow must be made to determine what the correction actually 
should be. Usually it can be estimated. It is a help in et. 
mating to actually observe the form of the stream during dis. 
charge of the weir. 

If the relation between the length of the weir and the head 
is to be such that the end contraction correction will be of im. 
portance then the weir should, if possible, be built either with 
full contractions or with none at all so that the correction ywjjj 
be definitely known. 

A weir may be built with a sharp edge on one end only % 
that the end has a full contraction and so that the other en 
has no contraction. The correction in such a case is, of course 
td \ ate of the head to be subtracted from the weir 
ength. 


lll. Measurement of Head on Weirs 


The measurement of flowing water by means of a weir de 
pends in turn upon the measurement of the head of water on the 
weir. Having determined the weir formula to be used, depending 
upon the design of the weir crest, the presence or absence of end 
contractions and any other fixed condition, the recorded flow then 
depends upon the head. The head is the single remaining variable 
quantity. It is the quantity which is actually observed and meas- 
ured in the field, the desired knowledge as to the amount of water 
flowing being then computed by the use of the formula, table or 
diagram. It is assumed in this discussion that the flow over the 
weir is not affected by backwater from below. 


The head on a weir is the difference in elevation between the 
crest of the weir and the surface of the water in the pool upstream 
from the weir. Figure 1 is a vertical cross section through a 
sharp crest weir with water flowing over it under a head indicated 
by (h). The shape of the upper and lower water surfaces shown 
in this figure have been determined by measurement and have been 
found to have forms similar to these, regardless of what the head 
is, so long as the weir has a sharp crest and a vertical upstream 
face. Under special conditions at low heads the water may, how- 
ever, cling to the downstream face of the weir. 

Figure 1 shows clearly the fact that in this general case the 





Fig. 1—Characteristics of Water Flow Over a Weir 
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touches the crest along the one sharp edge and then 
The arrows showing the converging stream indicate 
the reason for the shape which the lower surface of the water is 
fund to take. There is one very important fact to be noted from 
Figure j—namely, the upper surface of the water starts to curve 
jownward before it reaches the weir. This results in the depth 
¢ water at the weir crest actually being only about 85/100ths of 
m” (expressed as 0.85h)—the condition which makes it neces- 
gary to measure the height of the water surface at some distance 
upstream from the weir when determining the head. The height 
of the water surface should be measured at a point located up- 
ream from the weir a distance at least equal to three times the 
waximum head to be encountered. 


water only 
jeaps free. 





Measuring Gages 


The type and design of gage to be used to determine the water 
ievel depends upon the accuracy desired and the conditions under 
which it will operate. 











Gage Board 2. 

















R-45 





It is used to measure from a fixed reference mark, above water 
level, down to the water surface. By allowing it to swing slightly 
the contact of the plumb bob with the water surface may be very 
accurately noted. This naturally assumes the water surface to be 
smooth. The plumb-bob gage may be most accurately read if the 
tape is run over a curved block of wood, mounted permanently 
above the water, which has the reference mark fixed on its upper 
surface, as indicated in Figure 2, The zero reading on this type 
of gage may be determined by measuring down to the water sur- 
face from the weir crest as shown in Figure 2 and applying the 
correction factor determined by a simultaneous reading of the 
tape. 


Chain Gage 


A similar type of gage known as a chain gage is often used. For 
the tape a chain running over a wheel is substituted. With this 
arrangement the position of a marker attached to the chain above 
the wheel is read along a horizontal scale. This type of gage is 
not so accurate as the former and it is not advised for weir read- 
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Fig. 2—Methods of Setting and Calibrating Weir Gages 
The Staff-Gage ings except in the case of rough work or high heads. It is often 


The simplest and most commonly used type of gage consists 
merely of a strip of wood or metal with the necessary graduations 
marked upon it. A section of a carpenter’s rule or a surveyor’s 
rod may be used if adequately waterproofed by varnishing. One 
of the best forms of gage board consists of a vitreous enameled 
ware metal plate mounted on a wood plank. The graduations and 
figures are baked into the enamel. Gages such as these, often 
called staff-gages, if well graduated and carefully read will en- 
able the water level to be determined to within about 0.01 feet, 
equivalent to about % inch. This is sufficiently accurate for most 
purposes other than studies requiring laboratory refinements. One 
of the greatest disadvantages of this type of gage, however, is 
the necessity for locating the observer’s eye near the water level 
when taking a reading. This is not always convenient. Care must 
be taken to read at the true water surface and not the height 
to which the water surface curves upwards where it wets the 
gage. 

When mounting a staff-gage great care is needed to insure that 
the zero of the gage is exactly Icvel with the crest of the weir 
and that it remains so. A small error in this respect will cause 
a large error in the results, particularly at low heads. Moreover, 
this error will always be in the same direction and will not tend 
to correct itself or be compensated for by other errors. 

By the careful use of a surveyor’s level a gage may be set with 
sufficient accuracy. If a surveyor’s level is not available then the 
water surface itself may be used in the manner indicated in 
Figure 2. Choose a time when the water surface is not rising or 
falling too rapidly and preferably when it is lower than the weir 
crest. By means of a carpenter’s hand level and rule measure 
the distance (x) down to the water surface from the weir crest. 
Then measure up from the water surface at the gage location and 
set the gage zero the same distance (x) above the water level 

as the weir crest was found to be. Then, afterward, such gages 


should be regularly checked to be certain that they have not been 
moved, and that the zero point is correct. 
Plumb-Bob Gage 


_Another form of gage is known as a plumb-bob gage. It con- 
sists of a graduated steel tape with a heavy plumb bob on its end. 


used for river heights where accuracy within about 0.05 feet is 
generally satisfactory. 

With all types of gages difficulty is introduced if the water level 
is disturbed by waves or surges. In the case of the gages above 
described this can only be overcome by the skill and patience of 
the operator in mentally averaging the indications while observ- 
ing them over a short period. Practice can develop considerable 
skill in doing this. 


IV. The Float Gage 


Probably the most accurate type of gage, if well designed and 
constructed, is a float gage. Besides its accuracy it also has other 
advantages. Difficulty in reading due to waves and surges may be 
most readily overcome with the float type gage which is readily 
adapted to the use of an automatic recording mechanism. They ° 
may be classified into two types. The simplest type consists of 
the float with a rigid vertical stem attached to and supported 
by the float, with an index or pointer at its upper end. The gage 
reading is obtained from the position of this pointer along a fixed 
vertical scale. In the other type of float gage the motion of the 
float is transmitted to some form of indicating or recording 
mechanism by means of a flexible wire or tape. 


The Float 


A suitable float is the first essential. It must not become 
water logged, but must retain its buoyancy. To meet this condi- 
tion a hollow sheet metal float is generally used, and copper is 
the preferred material because of its resistance to corrosion, The 
seams must be well locked and thoroughly soldered. Earthenware 
floats have been used in sewage or other corrosive liquids. Floats 
are most often made cylindrical with the axis vertical, in order 
to fit in a float pipe and. for ease of construction. It is impor- 
tant to have the top and bottom dished outward so that the float 
cannot be weighted with water on top or lifted by air trapped 
beneath. The float should have at least three vertical fins project- 
ing a half inch or more from its sides in order to prevent it from 
clinging to the wall of the float pipe or well. Sometimes a spherical 
float is used, but in that case its weight, or its counterweight, 
should be adjusted so that it will float near its middle, in order to 
gain the maximum sensitivity. 
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Float Pipe 


Floats are usually provided with some form of float pipe or 
stilling well. This serves two principal purposes—it serves as a 
guide for the float, and by adjusting the size of the communi- 
cating opening into the float pipe the effect of waves or surges 
upon the gage readings may be reduced. The use of a float pipe 
also makes it possible to locate the gage a short distance away 
from the body of water being observed, the level in the float pipe 
being maintained by a small size connecting pipe. With such an ar- 
rangement care must be exercised to avoid air traps in the connect- 
ing pipe. The connecting pipe should be made of non-corrosive 
material and should be provided with convenient means for flushing 
it out. A float pipe should be provided with a cover, having only a 
small opening for the wire or tape, in order to prevent objects 
from falling in and lodging on the float. 

If the gage mechanism is light and easily operated, a 5-in. 
diameter float in a 6-in. float pipe makes a good combination. If 
a high degree of sensitivity is desired, or if a recorder requiring 
some power to operate it is used, then a larger float is desirable, 
a 10-in. float in a 12-in. pipe, or even larger, being often used. 


Gage With Rigid Stem 


The type of float gage having a rigid stem is the simplest and 
is also probably capable of the closest reading with accuracy, 
since the only friction involved in its motion is due to whatever 
guides may be needed to keep the stem upright and in the correct 
position with relation to the scale. The effect of this friction in 
preventing accurate response of the gage to changes in the water 
level may be largely if 
not entirely avoided by 
gently tapping the stem 
while reading the gage. 
Gages of this type, if 
properly designed and 
constructed, may be read 
directly to the nearest 
one thousandth of a foot 
(0.001 ft.), which is 
about the best in true 
accuracy that can be ex- 
pected from single read- 
ings of any type of gage. ( 

An arrangement of 
this type of gage, which { 
has been used extensive- 
ly and which is highly | 


suitable for accurate | 
weir head readings, is ay Float 
Connecting Pipe 


shown in Fig. 1. In this 
design a 7-in. float may 
with valve 
strip about % in. thick. — = . 
ie te qrovtind with « Fig. 1—Float Gage with Stem 


be used in an 8-in. float 
continuous projection along its back edge which serves to guide 
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pipe. The float stem is a 
brass rod of about 3/16 
in. or % in. diameter, 
depending on the height. 
The best scale is made 
from a graduated brass 





the index or pointer in the correct position for . 
and to hold the stem vertically above the float. <MY tending 


Gage With Flexible Wire 


The second type of float gage, using a flexible wire or tan. ; 
more adaptable to different arrangements, since the motes 
usually converted into a rotary motion by the wheel or drum : 
which the wire is wound, and thus the readings may be shows 
on a circular dial, or a recording mechanism may be Operated 
It is not always so simple to overcome the friction of MOtion | 
this type of gage, and for that reason it may not be read Quite s0 
accurately unless the float is larger than with the rigid stem 

A metal wire or tape is necessary for accurate readings jn 
order to avoid changes in length due to stretching or moisture 
The wire should be stranded, made from a large number of very 
small wires braided together, in order to be flexible and with. 
stand frequent bending. Either wire or tape must be of bronze or 
other non-rusting metal. 

The simplest arrangement of this type of gage consists merely 
of passing the wire over a wheel or pulley and having a counter. 
weight on the end. Reading may then be taken from the motion 
of a pointer attached to the wire along a fixed vertical scale 
beside it. A very crude form of such a gage has often been seen 
on railroad water tanks. 

A more usual arrangement in water works practice is to attach 
the end of the float wire to a drum, around which it is then wound 
a number of turns. The counterweight is then hung from another 
wire similarly attached to the drum. By such design slipping oj 
the wire is avoided and the revolution of the drum is a true 
measure of the change in water level. The drum is then connected 
to a rotating pointer on a dial or to a recording device. By intro. 
ducing suitable gearing a wide range of float motion may be 
shown as only a part of a revolution of the pointer on the dial, or 
other variations may be introduced changing the scale of readings 
to suit the conditions and the requirements. 

The drum upon which the wire is wound should be provided 
with spiral grooves to receive the wire so that it will be guided 
in a single layer and will not wind upon itself, thereby changing 
the effective diameter of the drum and affecting the accuracy of 
the gage. If desired, the drum receiving the counterweight wire 
may be smaller than the drum for the float wire, thereby resulting 
in a shorter travel for the counterweight where this is of any advan- 
tage. The counterweight should not become submerged, since its 
effective weight would thereby be altered and the submersion of 
the float changed. 


Gage With Tape 

If a tape is used it is customary to provide it with uniformly 
spaced perforations which fall over similarly spaced projecting 
pins on the drum, thereby preventing slipping. A tape is, o 
course, not wound around the drum, but merely passes over it 
once, with the counterweight on the end. The counterweight must 
then travel through the same range of motion that the float does. 


Indicators and Recorders 


Many good designs of indicating and recording instruments are 
commercialy available for use with floats and which are adaptable 
to different conditions and requirements. Floats may also be 
utilized similarly to operate transmitters for long distance elec- 
trical transmission of gage readings, known as telemeters. 





ACCURATE LEVELLING AND ALIGNING BY SIMPLE METHOD 
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. The accompanying sketch shows how to do it. Slip gauge glasses 
into each end of an ordinary rubber hose and fill with enough 
water so that the level will show in each glass, as indicated. 

When filling the hose with water, care must be exercised to 
be certain that all air is gotten out of the hose. Hold it in a 
U-position when filling. Do not attempt to fill it by immersing 
the hose in a tub of water. Also, one end of the hose must not 
be warmer than the other end. If the water in one end is warmer 
it will occupy greater volume and the level will not be true. In 
other words, get rid of all of the air and use water of the same 
temperature throughout. 
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The sketch also shows one of the simplest methods by which 
shafting can be aligned. Suspend several plumb bobs from the 
shaft as shown, all from the same side of the shaft. It is then 
possible to glance along from one end to the other and one can 
see whether or not the cords supporting the plumb bob are in 
perfect alignment. If they are not in alignment, the shafting is 
not straight and should be rectified. A cord stretched lengthwise 
near the vertical cords enables one to measure the exact amoust 
of misalignment and assist in making the shaft straight. 
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RATING AND SAMPLING WELLS BY AN IMPROVED METHOD 


By PAUL F. HOWARD, M.S.* 
Consulting Engr., Boston, Mass. 


It is oft-times desired and of importance to ascertain the quan- 
tity and quality of water yielded by an individual driven well 
connected to other wells of a water system. Experience has 
shown that analyses of samples of water taken from individual 
wells by means of a hand pitcher-pump give false and meaning- 
less results, especially in relation to the iron content. Likewise 
the yield of an individual well by means of separate pumping 
furnishes but little if any information as to the yield of the in- 
dividual well when ganged together into a common system. 

The writer’s firm was engaged to investigate a water supply 
from about 90 driven wells. During the course of the work it 
became desirable to determine the yield of each individual well 
and the iron content of the water from each individual well un- 
der normal operating conditions. This was done by a device 
which we have called a Well Rater and Sampler. The device 
(see cut) was connected to the top of the well by a 2% inch 
wrought iron pipe about 2% feet long. At this point a 1% 
inch centrifugal pump was connected by the proper fittings and 
discharged through a 2 inch pipe. On the suction pipe a hand 
pump was attached to prime the pump. A 2 inch orifice flow 
meter was inserted in the discharge line and by means of a man- 
ometer the rate of flow was determined. The amount of the 
draw-down of the well, when connected to the well field, was 
determined by means of a mercury U tube connected to a sinall 
tube attached to the well cap, the tube extending into the well 
to a depth sufficiently great so that the end was at all times be- 
low the level of the water-table outside of the well. 


Before the Well Rater and Sampler was connected to the well 
the permanently installed valve on the suction line was closed. 
After the device was connected this valve was opened and the 
well was observed under actual working conditions—i.e., while 
it was being pumped along with the other wells by the large 
pump in the pumping station. The drawdown was revealed by 
the reading of the manometer connected to the tube in the well 





*Whitman and Howard, Engs., Boston, Mass. 
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and recorded. Thereafter, the permanently installed valve was 
closed and the centrifugal pump started, the rate of pumping 
being controlled by a valve on the discharge line. As the dis- 
charge increased the drawdown increased, thus producing a de- 
flection on the manometer. . When the manometer reading was 
the same as that already observed under the actual working con- 
ditions, as just described, the output of the well was assumed to 
be the same. The quantity being pumped was then determined 
by observing the deflection of the flow manometer on the pump 
discharge line. The results represented the actual amount of 
water that the well was contributing from the field as a whole 
when under actual pumping conditions. Samples of water for 
analyses, then taken at the point of discharge, were considered 
truly representative samples. 


By careful operation of the valve at the discharge end of the 
pipe the yield of the well was brought gradually up to the orig- 
inal yield at the beginning of pumping. Thereby higher veloci- 
ties than usual or ordinary in the pipe well were provided. Any 
excess velocities would, of course, free scale, rust and other 
matter and give false samples. The flow manometer in this 
particular instance was connected to the 2 inch orifice flow 
meter. [The liquid used to determine the differential pressure 
can be of any specific gravity desired depending upon the rate 
of flow to be measured. The most common is mercury for 
high flows and carbon tetrachloride, Specific Gravity 1.60, for 
low flows.] 


One side of the mercury U tube was connected to the tube in 
the well and filled with water from the surface of the mercury 
to the water level in the well, care being taken to remove all 
air. The other side of the U tube was left open to the atmos- 
phere. 


A Specific Case 


The following specific example will serve as an illustration. 
After the Well Rater and Sampler had been properly set up and 
connected to a well the mercury U tube was connected to the 
tube in the well. There was an initial deflection of mercury of 
3 inches which represented a water column of 40% inches, the 
distance from the water table to the mercury surface of the U 
tube. After an equilibrium had been reached the well was con- 
nected to the field and the mercury in the U tube deflected an 
additional amount corresponding in general to the distance the 
water table dropped outside of the well and specifically to the 
drop in pressure in the well. In this case the total deflection 
was 4% inches or a difference in deflection of 1% inches which 
equal 17 inches of water as the drawn down within the well. 


The well was then shut off from the other wells and the small 
test pump started. The discharge valve on the pump was then 
opened slowly, increasing the yield of the well until the draw- 
down deflection of mercury showed 4% inches. After this point 
was reached the flow manometer was observed to have a deflec- 
tion of 14 inches of mercury which on this meter represented 
a flow of 20.1 gallons per minute. 


The yield of the various wells in relation to the drawdown 
was plotted on arithmetic paper and the yield of each well was 
found to be directly proportional to its drawdown. The yield 
of the various wells varied from 1 to 25 gallons per minute and 
the drawdown varied from 5% to 26 inches. 


This device has been made use of in installing new driven 
well fields. By its use we have been able to predict reasonably 
well the draw down or vacuum to be expected in a system of 
driven wells and to eliminate uneconomic wells, which have a 
low yield in relation to the drawdown. Also with open end 
wells it has been possible to determine at what yield a well will 
throw sand sufficiently to result in filling up by sand. The 
equipment will probably be found to have other uses also. 
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DEMING PUMPS 


FOR WATER WORKS 
AND SEWERAGE 


(Following listings ap- 
pear in “Classified Index 
of Products” in this pub- 
lication). 

BOILER FEED PUMPS 
CELLAR DRAINERS 
CENTRIFUGAL PUMPS 
CONDENSATION PUMPS 
DEEP WELL PUMPS 
DIAPHRAGM PUMPS 
DRAINAGE PUMPS 
PORTABLE PUMPS 


Group of Factory Bulldings of 


Deep Well Turbine Pumps 


These water lubricated deep 
well turbine pumps are de- 
signed to deliver capacities 
ranging from 15 to 3,000 gallons 
per hour and are widely used 
for municipal water supply, 
drainage, irrigation, swimming 
pools, etc. 


The multi-stage vertical centri- 
fugal pump construction allows 
the pumping unit to be placed 
at any depth from the surface, 
preferably submerged at all 
times. 


Vertical hollow-shaft motors 
are standard construction al- 
though other types of heads 
can be supplied such as belted 
drive heads, gear increaser 
heads, steam turbine heads, 
flexible coupling, or combina- 
tion type heads. 


Features of Deming Deep Well 
Turbine Pumps include semi- 
open, adjustable type impellers 
held in place with split tapered 
compression sleeves; Goodrich 
cutless rubber bearings of the 
fluted type are used in each 
bowl, or stage, and at a maxi- 
mum interval of 10 feet in the 
column pipe. These bearings 
are thoroughly flooded and 
lubricated by the water being 
pumped. Stuffing box in the 
discharge head can be easily 
adjusted or repacked from 
ground level, 


For complete information on 
Deming Deep Well Turbine 
Pumps, write for BULLETIN 
4700-8. 
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DEMING PUMPs 


FOR WATER WORKs 
AND SEWERAGE 


(Following listings ap- 
pear in “Classified Index 
of Products” in this pub. 
lication). 


ROTARY PUMPS 

SELF PRIMING PUMPS 

SEWAGE PUMPS 

SLUDGE PUMPS 

SUCTION AND FORCE 
PUMPS 


SUMP PUMPS 
TURBINE PUMPS 


Deming Company, Salem, Ohio. 


Centrifugal Pumps 


“MOTOR MOUNT” CENTRIFUGAL PUMPS 


Compact, dependable units, 
Deming “MOTOR MOUNT” 
Pumps combine high efficiency 
and simplicity at moderate cost. 
There are 63 units in the line. 
Capacities range from 5 to 650 
gallons per minute against 
heads from 10 to 85 feet. 
Features include semi-enclosed, 
three-vane impeller with non- 
overload characteristics; adjustable for capacity, head, 
clearance and wear. Motor is drip proof type with 
moisture resisting insulation. Deep groove, over-size 
ball bearings. Fan ventilation. 
Complete data in BULLETIN 4301. 


SIDE SUCTION CENTRIFUGAL PUMPS 


Standardized in de- 
sign, Deming Side 
Suction Ball Bearing 
Centrifugal Pumps 
eliminate the need 
for expensive special- 
ly designed equip- 
ment for a_ wide 
scope of pumping re- 
quirements. 
There are 21 pumps in the line. Sizes range from 1 to 
10 inches. Capacities range from 10 to 3,600 gallons per 
minute against heads up to 260 feet. 
Deming Side Suction Centrifugal Pumps can be fur- 
nished for belt drive, electric motor, or gasoline engine 
drive. 

Complete data in BULLETIN 4200. Write for copy 


SELF-PRIMING CENTRIFUGAL PUMPS 


These electric motor- 
driven units are de- 
signed for sump pump 





Write for copy 


service with float 
switch control. Also 
used for cleansing 


swimming pools, core 
sucking service in ice 
plants, etc. Priming 
operations completely automatic. Semi-enclosed, non- 
clogging impeller. 

Pumps can be furnished direct connected through flex- 
ible couplings; or to electric motors; or gasoline en- 
gines; or with pulley for belt drive. 

Capacities range from 600 to 18,000 gallons per hour. 

Complete data in BULLETIN 3000. Write for copy 
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Centrifugal Pumps 
DOUBLE SUCTION CENTRIFUGAL PUMPS 








These pumps are designed with horizontally split casing. 
All features conform to latest engineering practice to 
obtain. maximum efficiency for this type of unit. Recom- 
mended for working pressures up to 200 pounds. 
Heavy ball bearings at each end of shaft take all lateral 
and end thrust. Rotating elements are in perfect static 
and dynamic balance, assuring a vibrationless pump at 
all speeds. 
The line includes a wide range of sizes from 1% to 10 
inches with capacities up to 5,000 gallons per minute 
against heads up to 350 feet. 

Complete data in BULLETIN 5003. Write for copy 


Sewage Pumps 


HORIZONTAL TYPE SEWAGE PUMP 


VERTICAL 
TYPE Deming non-clogging horizon- 
SEWAGE tal and vertical type sewage 


PUMP 





pumps are designed to handle 
safely and efficiently raw, un- 
screened sewage, storm water 
disposal, drainage, or other 
pumping requirements where 
liquids carrying along refuse, 
dirt, silt, rags, sticks, and 
stones must be handled with 
minimum danger from clogging, 
breakage, or undue wear. 


These pumps are used in Sew- 
age Disposal Plants, Paper 
Mills, Quarries, etc., and are 
suitable for many applications 
where standard Centrifugal 
Pumps are not designed for the 
imtdicated requirements. 


Deming Sewage Pumps are 
built in horizontal and vertical 
types for capacities from 60 to 
1,200 gallons per minute and 
for heads not to exceed 80 feet. 











As these pumps usually require 
individual engineering, a com- 
plete statement of conditions 
should accompany each inquiry. 





Sump Pumps 














ee eer a 


SUMP PUMPS DUPLEX UNITS 


Deming Sump Pumps are designed in various types in a 
wide range of capacities from 10 to 3,200 gallons per 
minute with heads up to 120 feet and speeds from 860 to 
1,750 r.p.m. for motor drive. 

Construction of Deming Sump Pumps offers many im- 
portant features including: (1) Impeller adjustable for 
capacity, head and wear; (2) Impeller fitted to shaft 
with taper, key and nut; (3) Full weight column pipe 
with precision thread; (4) Double length bottom shaft 
bearing with large grease chamber. 

Deming Sump Pumps are furnished either in SINGLE 
or DUPLEX units of either wet or dry pit type. Can 
be installed in pits of every description wherever water 
collects and has to be emptied into sewer lines at a 
higher level or delivered above ground. 


Duplex units meet requirements where extra precau- 
tions must be taken to insure uninterrupted service. 


The complete line of Deming Sump Pumps is illustrated and 
described in detail in BULLETIN 4603. Write for copy 


Condensation Return Units 
DEMING 4010-RC UNIT 


Deming pump and re- 
ceiver units are de- 
signed to return, auto- 
matically, to boilers 
the hot water of con- 
densation from radia- 
tors, coils, and steam 
operated machinery. 
Condensate is auto- 
matically returned to 
the boiler by the 
pump, operation of 
which is controlled by 
an enclosed float 
switch. 

Units are equipped 
with horizontal recip- 
rocating pumps or side suction centrifugal pumps, de- 
pending upon capacity, pressure, and most efficient op- 
eration. 

Receiver tanks are of extra heavy welded boiler plate. 
Tanks furnished with water gauge glass and with pet- 
cock and check valve in top, as illustrated. 

Motors are furnished single phase, 2 or 3 phase, or di- 
rect current as specified. All units are equipped with 
motor protective device and are completely assembled 
and wired. 


CAPACITIES: 79 units in the line cover a range of pump capacities 
from 2.25 gallons per minute to 60 gallons per minute. Write for 
complete information, which includes performance table of capacities, 
pressures, and other data. 
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FIRE HYDRANT FLOW GAGE 


A Pressure Gage With a GPM. Discharge Scale 


By A. A. HIRSCH* 
State Dept. of Education, Baton Rouge, La. 


M EASUREMENT of flow from a fire hydrant is a useful pro- 
cedure in many ways. Probably the most important appli- 
cation is in evaluation of available fire flows at various sections 
of a distribution system. Often employed when chlorinating new 
or repaired mains, a measured withdrawal from a fire plug syn- 
chronizes water flow and chlorine feed for uniform mixing. 
Hydrant flow measurement is also an essential step in the incre- 
mental method for determining the C value for a pipe line. 
When flushing mains through fire hydrants to clear out the dis- 
tribution system a knowledge of the flow enables an operator 
to estimate the time required for complete displacement and also 
to record the amount of water allowed to waste. 

Of the several methods in vogue for hydrant flow measure- 
ment, namely the special pitot tube-gage combination, the stream 
trajectory, the short tube with terminal orifice, and the velocity 
head reading by means of a pressure gage on a closed cap, the 
last named is the one most generally employed by reason of its 
simplicity in principal and equipment. 


The Procedure 
In determining flow from a fire hydrant by the pressure gage 


method all that is needed is to connect an accurate gage to the 
closed nozzle, and discharge the hydrant through the other 





nozzle. The flowing nozzle may be considered as a “short-tube”’ 
he . 
es PER SQ inch ra 
ee —— 
Figure 1—Dial of pressure gage calibrated to read directly fire 


hydrant flow from a 2%-inch nozzle. 


and its flow calculated from the usual orifice formula, but using 
an orifice coefficient of 0.9 instead of the familiar 0.61 which 
holds for a sharp’ edged orifice. Thus 

Flow (cu. ft./sec.) = C A V where C = fire hydrant orifice 
coefficient = 0.9. 


*Director, Sectional School on Water Supply and Sewerace. 


A area of nozzle (sq. ft.) 
Diameter*,, ches) 

0.785 xX ———$—$ 

144 

= 0.00545 Diameter? 


(inches? 


v V2 & hg. 


water 





=V2 X 32.16 X 2.31 X Pressure,,, , the 
pressure reading being taken off 
the closed nozzle 


99 Ip > 
12.2V Pressure, 


Substituting in the first equation: 
Flow (gpm.) = 7.48 X 60 X 0.9 X 0.00545 


Diameter? X 12.2V1 ‘ressure,,,, 


27 Diameter*,,,.nes) V Pressure, , 


This is the familiar form commonly used to calculate the dis. 
charge from a fire hydrant. 

Ordinarily the 24-inch nozzle is used, as the 4- or 41-inch 
nozzles do not conform with accuracy to a simple formula. Syb. 
stituting the value of 2% inches for the diameter in the above 
formula there results 


Flow (gpm. through 2% in. nozzle) 


= 237 X 3.5 X V Pressure, 


= 168.7 VPressure,,,,. 
from which the discharge through a 2%-inch hydrant nozzle may 
be conveniently calculated. 


The Self-Calculating Gage 


Inasmuch as a given velocity head on the pressure gage corre- 
sponds to a fixed discharge the gage may be calibrated to read 
this flow directly and thereby obviate the need for calculation, 
A dial so calibrated is illustrated in Fig. 1. By marking off a 
dial in this manner the gage may be used in hydrant flow studies 
to facilitate discharge adjustments and to enable flow evaluation 
on the spot without calculations or conversions. Fig. 1 may als 
be used as an approximate solution to the hydrant formula fora 
2'%-inch nozzle rather than perform the numerical substitutions. 

The accuracy of the pressure gage should be checked on a 
cold test apparatus, especially in ihe low pressure range below 
500 gpm. where slight inaccuracy causes relatively large errors 
in the indicated discharge. If the test gage is off the needle 
position may be reset, the linkage between hollow spring and 
sector adjusted as required, or a calibration curve drawn to 
show the true pressure corresponding to any gage reading. From 
Fig. 1 it will be noted that below a flow of about 250 gpm. the 
type of pressure gage as illustrated is inapplicable since it fails 
to deflect. 

For flows below this lower limit the discharge is measured by 
such methods as (1) large water meter, (2) the time required to 
fill a barrel through a short section of hose, (3) a more sensitive 
gage or manometer, (4) a special hydrant nozzle with terminal 
sharp-edged orifice, or (5) measuring the offset distance from 
the barrel to a point where the stream has dropped one foot, and 
referring to a calibration curve. 








Some Relationships Between Current Flow and Heat Production 


One Kilowatt 
= 56.92 B.T.U. per min. 
= 1.34 horse-power. 


One Horse Power 
- 42.44 B.T.U. per min. 
= 0.7457 KW. 
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One Horse Power/Hour 
= 2,547 B.T.U. 
— 0.7457 KW.H. 


One B.T.U. per Min. 
= 0.01757 KW. 
= 0.02356 H.P. 


One Kilowatt/Hour 
= 3.416 B.T.U. 
= 80.46 H.P. 
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DEVELOPMENT OF ROCK WELLS 


By J. ARTHUR CARR* 
Supt., Dept. of Water Supply, Ridgewood, N. J. 


HE Department of Water Supply of the Village of Ridge- 
| ese N. J., has applied in rock wells some of the mechanics 
of development which had been heretofore applied only to sand 
and gravel wells. In every case where the method of develop- 
ment described herein has been used, the yield of the well has 
heen materially increased. oe 

It has generally been accepted that when drilling was com- 
pleted in a rock hole nothing further could be done to the well 
to increase the yield. The few experiments, however, completed 
up to that time had indicated that the yield of many wells in 
red sandstone formation, as occurs in northern New Jersey, 
could be increased by agitation. 

Since 1941 seven new wells have been constructed by the 
village of Ridgewood. All were developed by agitation after 
drilling had been completed and in every case the yield was 
increased in amounts varying from 32 to 180 per cent. ; 

The improvement secured by development was not confined 
to new wells. In two instances the pumps were removed from 
wells drilled in 1932 and those wells were given several days of 
agitation with a resulting increase in yield of 150 per cent. 


Developing Procedure 





Naturally the cost of a well per foot of depth is considerably 
increased when developed by the method described, as in some 
cases the time expended in*development has been equal to, or 
greater than, the time expended in the drilling operation. The 
cost of water per gallon produced, however, has in almost every 
case been less after development. 

The accompanying tabulation gives the details of costs for 
eleven wells, both before and after development by the method 
described. 

It may be noted that, while development increased by 60 per 
cent the cost per lineal foot of well (average for eleven wells), 
the cost per gallon of water produced was decreased by 15 per 
cent when average figures are considered. 


While the saving in cost per gallon produced is apparent, there 
is a still further and greater saving effected by a marked re- 
duction in the number of pumps, pump houses, piping, wiring, 
controls, etc., necessary to deliver the amount of water which 
may be required. As shown in the tabulation, at a compara- 
tively slight increase in the cost of equipment, thé eleven wells 
can deliver almost twice as much water as would have been 
delivered had they 





























! dis- c 
: ' , . , not been developed. 
The method used in developing a 12-inch well is briefly as a sig ge o 
-inch follows: The well wall is first thoroughly scrubbed for its ; ae - Ry 
Sib. entire depth to remove all loose particles of rock and any clay : yh es 4 
bove that may have adhered to the well wall. Scrubbing is accom- Win ote ee 
plished with a specially constructed steel brush—see Fig. 1. The rd a a 
brush is one-half inch larger in diameter than the diameter of nr ia tec Tf an 
the well and is made up of %-inch steel bristles. neon. a te -" ; . an 
A 5-foot plugged nipple slightly less than 12 inches in diameter Sn S, on icated as 
is attached to a steel cage 20 feet long. The nipple and cage had d "in oe 
may are then attached to a 12-inch hook wall packer and the whole — 1 he en ie 
; assembly lowered to the bottom of the well on a string of 8-inch oaditie ar cane an 
j > is then expanded against the well wall—see @@¢@!Honat 
. = i: ' secured from that 
For agitation, or surging, a long heavy steel valve type eae Nedoaipae B... 
_ plunger is operated inside of the 8-inch pipe. The diameter of  J4Ve Deen su ct 
ead the plunger is only slightly less than the diameter of the 8-inch a ee th ia e 
100. . » . wouk 7en V 
ff a gong 4 > f the cage and the nipple been necessary to 
* Because of the packer at the top of the cage and the nipple ok ame 
Hie at the bottom of the cage serving as plugs, practically all of the = “Cr Cant See, 
rm action or surge force created by the plunger is concentrated on sre > my tr 
ls the portion of the well wall exposed by the 20 feet of cage. All dies ay _ and, a ‘ 
hag heavy sand and pieces of rock dislodged are caught in the ~ nace supply 
- plugged nipple at the bottom of the cage which acts as a trap— nes, etc. 
.3 Fig. 3. apes wat: Drilling Care Pays 
noe The well is bailed frequently and, when no more material is g y 
‘le being brought into the trap, the packer is tripped, the assembly Seeremne cope te 
F is raised twenty feet and the packer again expanded. The opera- anumy in the 
e tion is repeated until the entire well wall has been subjected to drilling operation if 
om agitation. a well is to be dev- 
h ’ eloped by the meth- 
il Experiences end Costs od described. The 
In some instances as much as 4 cubic yards of sand, clay and hole must be drilled SL 
by particles of rock have been removed from the trap in the course to full gage as any 7 _ 
to of developing a 12-inch well, 350 feet deep. slight constriction Fig. 1—The Wall Brush 
ve 
~ TABLE 1 Cost Data 
nd OSTS COSTS 
roTAL WELL COST GALLONS YIELD PER LIN. FT. PER GALLON 
Before After Before After Before After Before putes 
Year y i Size Depth Devel. Devel. Devel. Devel Devel. Devel. Devel. eve 
1940 =. am 1 38 10 402 2,240.50 2,835.50 290 370 5.57 7.05 7.73 7.66 
™ 1941 Wortendyke No. 2*  12,10,8 1,137 3,150.52 5,060.52 80 229 2.77 4.45 39.38 22.10 
1941 Ames No. 2 12 80 1,756.82 2,996.82 70 175 3.66 6.24 25.10 17.12 
1941 Ames No. 6 12 455 2,169.07 3,509.07 150 250 4.77 7.71 14.46 14.04 
1941 Ames No. 9 12 350 1,638.12 2,603.13 80 170 4.60 7.43 20.48 15.31 
1933 Cedar Hill No. 2¢ * 12 399 2,682.26 3,997.26 100 250 6.7 10.02 26.82 15.99 
1932 Cedar Hill No. 37 12 500 2,801.90 4,196.00 100 250 5.60 8.39 28.01 16.78 
1942 Ames No. 3 12 352 1,476.74 2,831.74 180 360 4.20 8.04 8.20 7.87 
1942 Ames No. 5 12 35 1,883.28 3,332.77 185 245 5.38 9.52 10.18 13.60 
1943 Ames No. 1 12 350 1,934.64 3,177.89 65 180 5.53 9.08 29.76 17.65 
1943 Ames No. 7 12 352 1,996.99 3,429.75 150 260 5.67 9.74 13.31 13.19 
Totals and Averages at 5,127 23,730.85 37,970.45 1,450 2,739 4.62t 7.40t 16.36t 13.86f 
~ Remarks: ° 215’-1,137’only. Original 215’ drilled 1926. , ; 
— +Drilled 1932 and 1933; Developed —1942. will prevent lowering the cage and packer to the desired depth. 
tAverages. The well must also be perfectly a = _ age 
The assembly of trap, cage and packer is about eet over a 
° -ch¢ £ .W.W.A. Committee on . : ae a = : A 
Qua Wells ana bean Wal Pumping. ” and it would be impossible to lower it on a string of 8-inch 
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Fig. 2—Plunger (left), Upper Section of 
Cage and Hook Wall Packer Above. 


pipe to a depth of some 400 or 500 feet if 
there were any kinks or dog legs in the 
well hole. 

In the developing operations an expe- 
rienced well rig operator is also essential. 
The hook wall packer requires careful 
handling and operation and in a 500-foot 
well it must be set, tripped and reset 
twenty-five or more times in the complete 
development process. 

Much interesting and often valuable in- 
formation is secured incidental to develop- 
ment. In most cases two water levels are 
maintained at all times, one inside the 8- 
inch pipe from below the packer and one 
outside the 8-inch pipe from above the 
packer. Frequently these levels change at 
each different setting of the packer. By a 
study of the record of water levels in con- 
junction with a comparison of drilling 
samples and samples of material brought 
in by agitation it is possible to determine 
at what elevation or elevations water is 
entering the well. 

The work done in Ridgewood was con- 
tracted on the day basis, the contractor 
furnishing all necessary labor, tools and 
equipment at a flat sum per day. Fortu- 
nately the contractor’s interest in the new 
methods being used was as keen as that of 
the village authorities. Much of the equip- 
ment such as the cage, steel plunger and 
wall brush were produced by the contractor 
in his own shop. 

Much can be gained by the described 
development of wells in the red sandstone 
of northern New Jersey, and application 
of similar methods should be successful in 
wells drilled in other types of consolidated 
formation. 














Fig. 3—Bottom Section of Cage and Seal- 


ing Nipple and Trap 


Below. 





HOW TO 


F the efficiency of your present pump is 

74% and you are planning to install a 
new pump whose efficiency will be 85%, 
the improvement will not be merely 11%. 
There will be an improvement of 13% in 
efficiency. 

It is not uncommon for users and pros- 
pective users to subtract the efficiency of 
the old pump from that of the new one and 
call the difference the “improvement” in 
efficiency, but that is not correct. The cor- 
rect method is to subtract the two efficien- 
cies and then divide the difference by the 


efficiency of the new pump. 
Thus, for example: 

0.85 — 0.74 = 0.11 

0.11 + 0.85 = 0.13 


which verifies the figures given above. 
Let us suppose that you have a pump 
whose efficiency is only 40% and you are 
contemplating the installation of one whose 
efficiency will be 80%. The difference be- 
tween the two efficiencies is 40%, but that 
is not the correct improvement. The true 
improvement is 40% + 80% = 50%. 
Herewith is a chart that gives the true 
improvement or “power saving” without 
any longhand figuring whatever. Simply 
run a straight line through the efficiency of 
the new pump, column A, and the efficiency 
of the old pump, column B, and the power 
saving or improvement in efficiency is in- 
stantly given in column C. Thus the dotted 
line drawn across this chart shows that 
where the efficiency of the new pump is 
85% and that of the old pump is 74%, the 
true improvement which can be expected in 
power saving is 13%. 
W. F. 


*Contributed by Schaphorst, M. E. 
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WATER HAMMER 


Its Study and Correction 


By HENRY RYON 


Late Senior Sanitary Engineer 
New York State Department of Public Works, Albany, N. Y. 


N ORDER to provide water for Clinton Prison at Danne- 

mora, N. Y., it was found necessary to use Chazy Lake as a 
source of supply and to lift the water over Dannemora moun- 
tain to the prison reservoir. This required the installation of a 
pumping station and a force main about 4% miles long with a 
rise of 530 feet. The pumping station and pipe line were put in 
operation late in 1932, and almost immediately trouble was ex- 
perienced due to the failure of the lead joints in the pressure line. 
The cause of these failures was apparently the high pressures 
developed when the pumps were stopped, and studies were made 
to determine the best method of reducing these high pressures. 


Installation 


The pumping equipment consists of two electrically driven 
four-stage centrifugal pumps each having a capacity of 390 gal- 
fons per minute against a head of 619 feet. The pumps are set 
approximately at normal lake level. The suction line is of 10-inch 
cast iron pipe and is about 400 feet long. The discharge main is 
of &inch cast iron bell and spigot pipe, Class G to Class B, and 
is 23,720 feet long. The static head at the pumps is 530 feet, the 
equivalent of approximately 230 pounds per square inch. There 
is a standard swing check valve on the suction line and a similar 
check on the discharge line of each pump. A 6-inch spring loaded 
relief valve and an air chamber 8 inches by 96 inches in size 
were provided on the main discharge line near the pumps. 


Line Pressure 


In order to study the pressures in the discharge line a record- 
ing pressure gauge with a fast moving chart was connected to 
the line just beyond the relief valve. A typical pressure curve 
plotted by this gauge with one pump in operation and the relief 
valve and air chamber shut off is shown in Fig. 1. 

The static pressure is 230 pounds per square inch. When one 
pump is started the pressure gradually rises to 310 pounds per 
square inch, the rise for each of the four steps of the starter 
showing distinctly, and then drops to the 


and velocity of the wave depend upon the elasticity of the mate- 
rial composing the pipe wall, the velocity of the water in the pipe 
and the time in which that velocity or part of that velocity is ex- 
tinguished. The yare independent of pressure in the pipe and flow 
velocity, except that part of the velocity that is extinguished. The 
water-hammer pressure or excess pressure is the variation above 
or below normal caused by the water-hammer wave. In this case 
(and in other cases where conditions are similar) the momentum 
ceases to deliver water almost instantly. The suction line being 
short, no high pressure of any duration is developed in it that 
of the rotating parts of the pump and motor is so small in com- 
parison with the load that when the switch is opened the pump 
might force water through the pump. As a result the stopping of 
the pump has for all practical purposes the same effect as almost 
instantaneously closing a valve. 


An Analysis 


This effect can be examined best by considering the pipe line 
to be divided into a large number of very small sections of equal 
length. 

When a valve at the inlet end of a pipe in which water is flow- 
ing is instantaneously closed, the velocity of the water in the 
section adjacent to the valve (in this case the pump), is imme- 
diately extinguished. This causes the water in this first section 
to expand, the pressure to fall and the pipe to contract. In other 
words, the kinetic energy of the moving water has been con- 
verted into potential energy. The water in the first section being 
at rest or static, the velocity of the water in the second section 
must necessarily cease. The water in the second section then 
expands, the pressure falls and the pipe contracts in the same 
manner as in the first section. This reduction in pressure in the 
second section in no way affects the pressure in the first section 
for the pressure in that section, excepting gravity and friction, 
is dependent entirely upon the destruction of the kinetic energy 
of the water in that section. And, the kinetic energy of the water 





running pressure of 275 pounds per square 
inch. When the pump is stopped the pres- 
sure drops very quickly from 275 pounds 
per square inch to 90 pounds per square 
inch and then rises to 370 pounds per 
square inch, These subnormal and super- 
normal pressures continue at regular in- 





tervals, the variations above and below 400 
the static pressure becoming less and less 
as line friction gradually damps them out. 


The time of one complete cycle is 23.1 vd 
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seconds, and since the water-hammer 
wave must travel four times the length 
of the pipe in one cycle, its velocity is at 
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the high speed of 4,110 feet per second. 
By comparison, the maximum velocity of 
flow in the pipe, with one pump in opera- 
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tion, is only 2.49 feet per second. 


Pounds per square inch 
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It is, of course, the first super-normal 
pressure wave that causes most of the 
pressure wave cannot, however, be neg- ol 
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lected for it very definitely limits the 0 
damage to the pipe line. The subnormal 
amount of air that can be retained in the 
air chamber. 


Water Hammer Waves 





In order to explain the method evolved 
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to control the water-hammer pressures, it 
is necessary to consider first the nature of 
a water-hammer wave. The magnitude 


Fig. 1.—Typical Pressure Wave Graph 


(One Pump Thrown Out; Relief Valve and Air Chamber Shut Off At the Time) 
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in the second section is exactly the same as 
that of the water in the first section and its 
destruction therefore produces exactly the 
same reduction of pressure. This process 
continues through the third, fourth and 





400 


other sections of the pipe until all the water 
in the line has expanded, the entire pipe line 
contracted and the pressure throughout 
fallen by the same amount. The wave has 
traveled the length of the pipe once and 
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the water is at rest. 





This condition, however, is not stable. 
The water in the lower end of the pipe can- 
not move, but the water inthe upper end is 
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freeto contract. This it does immediately. 
The water in the upper section contracts, 
the pressure rises and the pipe expands. As 
a result of this contraction of the water 
and the expansion of the pipe in the upper 
section, water flows into the pipe. Condi- 
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tions in the upper section having thus 
changed, the second or adjacent section is 
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free to move. The water in the second sec- 
tion then contracts, the pressure rises and 
the pipe expands. This draws more water 
into the pipe. In a like manner similar 
changes occur in the third, fourth and other 





TYPICAL WATER-HAMMER CURVE 


7] 20 40 60 80 


Seconds 
Fig.2 








sections until all the water in the line has 
again contracted, the entire pipe line ex- 
panded and the pressure throughout risen 
to the point (excepting friction at which it 


Fig. 2—Graph of Wave Near the Pump 
(Explanation of Significance in Text) 





pump stopped. The wave has traveled the 





length of the pipe twice. The water is in 
motion and is flowing toward the pump with 
the same velocity, excepting for friction 
losses, at which it was flowing away from 
the pump before the pump was stopped. 
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This flow cannot continue, for while the 
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wave has been traveling twice the length 
of the pipe, ample time has elapsed (11.5 
seconds in this case) for the check valve 
at the pump to close tightly. The flow is 
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therefore directed toward a closed valve 
and the velocity in the first section adja- 
cent tothe check valve is instantly extin- 
guished. The water in this section is 
compressed, the pressure rises and the 
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pipe expands. The water in the first sec- 
tion being at rest, the water in the second 
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section must necessarily come to rest with 
the same changes in condition as occurred 
in the first section. In a like manner, the 
water in the third, fourth and other sec- 
tions come to rest successively until all the 
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EFFECT OF RELIEF VALVE Fig.3 








water in the pipe line is at rest and com- 
pressed, the pressure above normal and the 
pipe expanded for its entire length. The 
wave has traveled three times the length of the pipe and the 
water is once more at rest. 


Again, however, the conditions are unstable. The water in the 
lower end of the pipe cannot move but that in the upper end is 
free to expand. This it does immediately. The water in thé first 
section expands, the pressure falls and the pipe contracts caus- 
ing water to flow out of the upper end. Conditions having 
changed in the upper or first section, the second section is free 
to move. The water in the second section then expands, the 
pressure falls and the pipe contracts causing a further flow of 
water out of the upper end of the pipe. Similar changes occur in 
the third, fourth and other sections of the pipe until all the water 
in the pipe has expanded, the entire pipe line contracted and 
the pressure (except for friction losses) fallen to the normal 
running pressure. The wave has traveled the length of the pipe 
four times. The water is moving away from the pump with the 
same velocity, excepting friction losses, that it was before the 
pump was stopped. In other words, one cycle has been com- 
pleted, and conditions are the same as when the pump was 
running. 

The cycle repeats itself until the friction gradually damps out 
the wave. 


A diagram of the effect of this wave near the pump is shown 
in Fig. 2. The complete cycle is from A to G. The slope of the 
line from B to C is due to the fall in friction pressure as the 
wave passes up the pipe and the water gradually comes to rest. 
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Fig. 3.—Graph Revealing Failure of Spring-Loaded Relief Valve to Relieve 


The slope from E to F is due to the rise in friction pressure 
as the velocity away from the pump is gradually regained. 

A comparison of the velocities and pressure as observed and 
those computed by Joukovsky’s formula (Jour. Am. Water Works 
Assoc., 1904, p. 341); (W. W. and S., April, 1938, p. 338) is 
interesting. 

Joukovsky’s formula for waterhammer, produced by instan- 
taneous valve closure, is: 


aV 











Powe 


H = Head due to water-hammer, ft. 

a= Velocity of water-hammer water, f.p.s. 

V = Velocity of water in pipe, f.p.s. 

g = Acceleration of gravity. 

w = Weight of one cubic foot of water. 

K = Bulk modulus of elasticity of water, pounds per sq. in. 
E = Modulus of elasticity of pipe material, pounds per sq. in. 
D = Diameter of pipe, inches. 

e = Thickness of pipe wall, inches. 
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= sure. If the valve is open at this time the 
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VALVE THIE 50 SEC. 


water will flow out of the valve with no 
material rise in pressure. The valve must 
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close slowly or the stopping of the flow 
through the valve will set up another water- 
hammer wave with consequent high pres- 
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sures. It is generally necessary to provide an 
auxiliary source of power if this method of 
preventing high pressures is used because the 
pressure in the line is subnormal at the time 
the valve must start to open and usually in- 
sufficient to operate any type of valve. 

This arrangement is used effectively at the 
Dalecarlia Pumping Station, Washington, 
D. C. (Water Works and Sewerage, April, 
1938, Page 353). In this case the relief valve 
is of the hydraulically operated rotary plug 
type and the power for opening it is obtained 
from an independent water main near the 
station. 


Air Chambers 
The 8-inch by 96-inch air chamber pro- 
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vided on the discharge line from the pumps 
was found on test to be of absolutely no 














value in reducing the water-hammer pres- 
sures, and computations by the graphic 
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method of Prof. Angus indicated that no 
reduction could be expected. An air chamber 
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Fig. 4—Graph Showing Results With a Cone Valve 


The value of studying the effects of various closure times for surge suppression is 
effectively revealed in the four recorded graphs. A splendid testimonial as to the 


efficacy of properly controlled cone valves 


The results are as follows: 


Computed water-hammer head (negative) ..............-...-..00- 326 ft. 
Observed water-hammer head (negative).................-....0--- 322 ft. 
Computed velocity of water-hammer wave........... 4220 f.p.s. 
Observed velocity of water-hammer wave...................... 4110 f.p.s. 


If the pipe line had been shorter or the time of stopping longer 
so that the water-hammer wave set up by the first reduction in 
the discharge of the pump could have traveled to the end of the 
pipe and returned to the pump before the flow through the pump 
had stopped the returning supernormal wave would have inter- 
fered with the subnormal wave and the magnitude of the wave 
would have been reduced. So long as the returning wave does 
not reach the pump until its discharge is entirely stopped 


aL 
t¢<¢ — 
a 


the result, for all practical purposes, is the same as that produced 
by an instantaneously closed valve. If it does return before the 
pump discharge has ceased, the interference of the waves must 
be considered. Except for this interference, the water-hammer 
pressure is independent of the length of the pipe. In the suction 
line which is only 400 feet long, the first wave returns in 0.2 
of a second and interferes with the following waves, preventing, 
as stated before, the development of a pressure in the suction 
that might force water through the pump. 


Relief Valves 


When the Chazy Lake pumping station was built, a 4-inch 
spring loaded relief valve was installed on the 8-inch dis- 
charge line for the purpose of preventing any undue rise in 
pressure. This relief valve failed to produce the desired result. 
The effect of the relief valve on the water-hammer pressures 
is Shown in Fig. 3. The inertia of the moving parts in the valve 
apparently prevents it from opening rapidly enough to relieve 
the pressure and the head rises almost to the same value that it 
does without the valve in operation. When it finally does release 
the water the pressure falls to that for which the valve is set. 
The valve then closes and stops the flow of water through it. 
The stopping of this flow sets up another water-hammer wave 
and the pressure again rises. 

In order to satisfactorily prevent high pressures by means of 
a relief valve, the valve must open before the first returning 
wave reaches the pump. That is, before the pressure reaches 
the point D in Fig. 2. At this time the water in the line is flow- 
ing toward the pump and the pressure is the normal static pres- 


plying water to the line in gradually de- 
creasing quantities after the pump has 
stopped, causing a gradual reduction in the 
velocity in the line instead of a suddenly 
closed valve. 

To prevent high pressures in a pipe line by 
closing a valve slowly instead of rapidly requires that the time of 
closing be considerable, and if an air chamber is to be effective it 
must supply water to the line for a considerable time. Not only 
must the air chamber be large enough to contain sufficient water to 
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Fig. 5.—The Cone Valve 
Which, with proper setting for closing time has solved the 
water-hammer problem 
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maintain this supply over the necessary period, but there must 
be sufficient air above the water to maintain the proper pressure 
on the water as the air expands. Air chambers, if they are to 
produce any measurable effect, must be far larger than those 
usually provided and often so large as to be impractical. 


Cone Valve in Discharge Solves the Problem 


The method now used at the Chazy Lake pumping station to 
eliminate the high water-hammer pressures is to reduce slowly 
the velocity in the discharge line before the pump being used 
is stopped—this instead of allowing velocity to be suddenly ex- 
tinguished by the stopping of the pump. This is accomplished by 
a 6-inch hydraulically operated cone valve located in the main 
8-inch discharge line near the pumps (see picture). The cone 
valve is in closed position when the pump is started. Since a cen- 
trifugal pump requires the smallest amount of power when operat- 
ing against a closed valve, the motor thus starts under minimum 
load. As soon as the pump reaches its normal speed the cone 
valve slowly opens, the time of opening being controlled by the 
setting of a needle valve on the water feed-line to the hydraulic 
cylinder operating the cone valve. When it is desired to stop the 
pump the cone valve is first closed slowly, gradually reducing the 
velocity in the discharge main. After the valve is entirely 
closed the pump is stopped in the ordinary manner. Electrical 
interlocks are provided so that the attendant cannot change the 
order of the operations. 


Results 


The results of this method of operation, for different timings 
of the valve, are shown in Fig. 4. This valve rises from its seat 
before turning and reseats itself after completing its rotary 
motion. The time given for opening and closing is the time taken 
for the valve to rotate through 90 degrees, and does not include 
the time taken for unseating and seating. There is some leakage 
past the plug when it is raised from its seat, and the stoppage 
of this leakage by the seating of the valve in some cases causes 
a slight secondary wave, as is noticeable in some of the curves. 


The destruction of the velocity in the pipe line is, of 
not proportional to the amount of rotation of the valye arse, 
evident from the fact that the first 2/3 of the revolution pr = 
no measurable effect on the pressure. The effective closing ¢ 
is therefore only a fraction of the actual closing time. = 
the valve to close in 50 seconds keeps the water-hammer pr 
below the running pressure. Further, increasing the time 
closing reduces the water-hammer pressure until with a clog 
time of 200 seconds the excess pressure caused by water-hammer 
is scarcely noticeable. 


At this pumping station only one pump should be operates 
a time if economical results are to be obtained. Two pumps . 
however, be operated at once with a consequent decrease jn the 
delivery per pump and a decrease in efficiency. The wate; 
hammer pressure produced by closing the cone valve with two 
pumps in operation is practically the same as that produced 

closing the valve with one pump in operation, the time of clog: 

being the same. The reason for this is that while the actyj 
closing time is the same, the effective closing time, as indicated 
by the curves, is about twice as long with two pumps in Operation, 


This method of reducing water-hammer pressures does 
protect the discharge line from water-hammer pressures dye ty 
power failure. Such protection can be afforded only by a prop. 
erly timed relief valve operated by a separate source of power of 
by the use of an air chamber, both of which methods have been 
previously mentioned. In the case of the Chazy Lake pumpj 
station, neither of these methods seemed practical because of the 
difficulty of securing a separate source of hydraulic or othe 
power; and, the very large size of the air chamber required tp 
produce even a small reduction in the excess pressure. At this 
station the water-hammer pressures do not rupture the pipe 
but do strain the lead joints, and the high pressures can 
repeated several times before leaks occur. For these reasons 
it was decided to protect the pipe line against the high pressures 
produced by the daily starting and stopping of the pumps, an 
to risk occasional high pressures due to power failures which 
may occur at very infrequent intervals. 








BARRETT, HAENTJENS & CO. 
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Hazleton Type “M” 


CHECK VALVE 


with Built-in Mercoid Motor Shut-off Switch 
for Automatic Pump Protection 


PROTECTS PUMP 
FROM DAMAGE 
DUE TO LOSS OF WATER 


PREVENTS OPERATION 
OF PUMP UNTIL 
PROPERLY PRIMED 


The purpose of the flow switch is to insure pump 
against damage in the event that the pump loses 
its water during operation. The mercoid switch 
is actuated by the valve flap. Normally the 
switch is open when the flap is down. When the 
pump delivers water, the flow through the valve 
raises the flap and closes the switch. The mer- 
coid switch is connected into the no-voltage coil 
of the motor starter. 


When using a hand starter, the pump can be 
started up by hand, whether delivering water or 
not, but when the hand is removed from the 
starting lever, the pump will immediately stop 
unless the pump is delivering water and the mer- 
coid switch of the check valve closed. With an 
automatic starter the “start” push button must 
be held in until the pump delivers water and 
closes the check valve switch. 


Let us quote on your requirements 


Hazleton, Penna. 
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PITTSBURGH-DES MOINES STEEL CO. 
| Tanks—Plate Fabrication—Structural Steel 


ti Sales Offices at: 3418 NEVILLE ISLAND, PITTSBURGH, PA... . 919 TUTTLE STREET, DES MOINES, IOWA 
hae ROOM 918—270 BROADWAY, NEW YORK .. . 1222 FIRST NATIONAL BANK BLDG., CHICAGO, ILL. 
1223 PRAETORIAN BLDG., DALLAS, TEX. . . . 625 RIALTO BLDG., SAN FRANCISCO, CALIF. 


me of in these tables we have compiled—in compact but as to the application of these various types of tanks, 
losing complete form—data on steel reservoirs and on the for designs, for specifications, or for estimates—write 
yarious types of elevated steel tanks. For information our nearest office. 


Table I—Pittsburgh-Des Moines Standard Hemispherical Bottom Elevated Tanks 




































































oun Tank Dimensions H = Height of Tower to Bottom of Tank Capacity 
a 
in U.S. D Cc 
Gallons ft. | ft. in. | ft. tn.| ft. in. | ft. in.) ft. in| ft. tn.| ft. tm.) ft.-in.| ft. tn.) ft. in.| ft. in.| ft. tn.) ft. tm. | ft. 
5,000 9 10 0; 11 3] 11 18 9; 31 9]; 38 3/ 51 9] 58 9 72 9 79 «9 93 9/100 9| ..... * ° 
10,000 13 5 11/1111]10 0; 20 0}; 30 0; 40 60; 50 OO}; 60 O 70 O 80 0 90 0; 100 O| ..... ° ° 
15,000 13 10 11 | 1611] 10 O0/| 20 0; 30 0/40 0; 50 0; 60 O 70 0 80 0 90 Of} 100 Of cesses | eveece 
20,000 13 15 11 | 21 11410 0}| 20 0; 30 0] 40 0; 50 0} 60 O 70 O 80 0 90 0} 100 Of} ..- oo | ous eee 
25,000 15 14 7; 1911 8| 50 0/69 8/75 O| ..... 94 8; 100 O| ....4. 325 O] ccccce eeceee eoccce 
30,000 15 18 5/| 23 9 8} 50 0; 69 8| 75 Of] ..... 94 8] 100 O| ...... 335 O11 cccces ecccce eevee 
40,000 17 me DE ee BED BE acces | acces ae US sexes Se Bi Bee OF sacece 125 0 one E naeees een 
50,000 19 a TS ae TE sveces 55 0} 638 4/75 0} 83 4/91 8| 100 0] 111 8 | 120 0} 128 4] 1406 0} 148 4 
60,000 19 22 6; 30 6]. 55 0| 63 4/75 0} 8 4/91 8/| 100 0] 111 8/| 120 0/| 128 4] 140 0} 148 4 
75,000 21 22 6| 30 6] ..... 55 0| 63 4/75 O| 8 4/91 8/100 0} 111 8] 120 O| 128 4] 140 0}; 148 4 
100,000 24 22 6/| 31 O| ..... | 50 0} 68 1] 75 O| 79 7} 91 6| 100 O/| 113 1] 116 6| 125 O| 141 6] 153 4 
150,000 28 24 2!) 34 7146 6/| 5410] 638 2/75 0} 83 £/] 91 8] 100 O| 111 10] 120 2/ 128 6| 140 3/| 148 7 
,000 32 23 4/136 1145 9| 54 1] 62 5/75 O| 83 4/91 8] 100 O| 112 7] 12011 | 129 3] 141 10] 150 2 
250,000 32 31 4145 4145 4/53 8| 62 0/| 75 O| 8 4/91 8] 100 O/}| 113 O]| 121 4] 129 8 | 142 8] 151 0 
10,000 36 28 4/42 5145 4/53 8/62 0! 75 0O| 8 4/91 8/| 100 0/| 113 O]| 121 4] 129 8| 142 9/| 181 1 
400,000 40 30 0| 46 6144 6/5210] 61 2/75 O| 8 4; 91 8 | 100 O]| 113 10] 122 2] 130 6] 138 10| 182 8 
pre ye ey - = ; 2 : 43 6| 5110/60 2|75 O/| 88 4] 91 8{ 100 O/| 11410! 123 21 131 61 139 10! 164 7 
750,000 50 34 9] 57 5 \ Tower heights have not been standardized for these capacities and can therefore be built to suit the 
1,000,000 50 52 0/|73 9 requirements in each particular case. 











Table II—Pittsburgh-Des Moines Standard Hemi-ellipsoidal Bottom Elevated Tanks 

































































Tank Dimensions H = Height of Tower to Bottom of Tank Capacity 
<a eS ne 
n oo. 
a Gallons ft. | ft. in.| ft. in.| ft. tn. | ft. tn. | ft. tn. | ft. n.| ft. in. | ft. in. | ft. tn.) ft. tn.) ft. tn.| ft. tn.| ft. in.| ft. tn. 
C ~ 25,000] 17 11 9115 54346 4/51 8] 71 4/75 O/; ..... 96 4] 100 Of .cccce | 196 BS] wee «ft coccce | covcee 
v 30,000] 17 14 18 6146 1}]651 &5{|71 1/)75 O| ..... 96 11 100 Of noses BBB BS] cnccce | coccee e 
+ 40,000] 21 38 3136 OF EF ST ccces | seees ae OF sscca te ed ee eR. xtee as BED Bi sesceon | sesees | secces 
h 50,000] 22 BS Bi Be OF ecccee 57 2/165 6/75 0} 85 6] 9310] 100 0} 113 10] 122 2] 130 6| 142 2/ 150 6 
2 60,000] 24 1210| 19 4] ..... 56 6 | 6410/75 0O| 8 8/93 2] 100 O/] 113 2] 121 6] 129 10| 141 6] 149 10 
75,000} 26 13 6 | 20 SF cocce 55 10 | 64 2) 75 O 2/92 6] 100 0} 112 6] 120 10} 129 2] 140 10/| 149 2 
| H Pi 100,000] 28 146 2] 23 232i ..... 51 6 7|75 0/| 81 1)|93 0] 100 O| 114 7] 118 O/} 126 6| 143 O| 154 10 
— “ 150,000] 34 1410] 25 0146 9/55 1/63 5| 75 O| 83 7] 9111] 100 0} 112 1] 120 5] 128 9]| 140 6/ 148 10 
% g 200,000] 38 15 5| 27 0] 4611 | 55 3 7|75 0} 8 6/92 0] 100 0} 113 9] 122 1] 130 5] 143 0; 151 4 
4 250,000] 40 18 1/|30 0147 5|55 9] 64 1/75 O} 8 5] 93 9] 100 0; 115 1] 123 5] 131 9] 140 1] 153 1 
7 300,000] 40 23 11 | 34 0149 4| 57 8] 66 OO} 75 O} 87 4) 95 8] 100 O/] 117 OG} 125 4] 133 8] 142 0} 155 O 
400,000] 46 22 9] 3411] 48 10 | 57 2| 65 6/75 O|} 87 8/| 96 O} 100 OO} 118 2/| 126 6] 134 10} 143 2] 157 O 
H e | 500 ,000;) 23 9137 0449 8/158 O| 66 4175 O| 81 2) 89 61190 O/] 112 8] 121 1| 129 41 146 O} 152 & 
t 600,000] 55 21 9/|39 7 
750,000] 60 22 4|42 4 
1,000,000] 60 35 0} 54 0 
1,000,000] 65 26 11 47 7 1\ Tower heights have not been standardized for these capacities and can therefore be built to sult the 
1,250,000] 79 17 4|43 4 requirements in each particular case. 
1,500,000] 70 37 8 | 60 0 
1,500,000) 24 0| 50 0 
2,000,000]90’ 3° | 22 6 | 50 0 




















Table IlI—Double Ellipsoidal Tanks Table IV—Railroad Type Tanks 























































































































Capacity in r 
U.S. Gallow| D_ | _B c r 7, if ow aad Seats 
50,000 | 22°-0” | 5’-10"| 9’-4” | 4’-4” |19’-6” in U.S. H 
75,000 | 26’-0" | 7’-0” | 9’-0” | 5’-0” |21’-0” Gallons ¥ 
see.oes 28’-0" 7’-0" 11’-1” 5’-7" 23’-8” St. ft. in. | ft in. 
150, 34’-0” |10’-0"” | 8’-8% 4] 6’-10"| 25’-6” 
200,000 |36’-0" | 9’-0" |12’-11°| 6’-9” |28’-8"] ni, 38:00 is 14 ‘ 19 ii helg t 
250,000 |40’-0" |10’-4" |11’-7” | 7’-6" | 29°-5” 30,000 | 17 | 12 7119 0 | fro; 
275 eee 40’-0” | 11’-11" ]13’-9" | 7’-6" |33’-2"| | 40.000 19 13 H 20 6 15’ 0° 
300, 40°-0" | 8’-7" |17°-11"| 7°-6"” |34’-0” y 
350,000 "-0” | 14’-8” 13’-1 “| 8’-0” |36’-6” 60,000 | 24 10 1 | 20 3 | 40’ 0° 
' 44 0 
400,000 |46’-0" |12’-2” |14’-9" | 8’-8” |35’-7”| Order ueeee sit 1/23 10 in 
ump 500,000 |50’-0"|15’-0" |14’-6" | 9’-8” |39°-2” ol eli h6Usim)| 6S a 
OSes 600,000 [55’-0" |14°-4" |14’-0” |10’-0” |38’-4” 200, 36 | 15 1 | 29 2 of 
itch 750,000 |60’-0"|15’-11"|12’-7” |11’-6” |40’-0” : 38 | 17 3 | 33 3] 80° 
'th 1,000,000 |65’-07 | 21'-8" 115’-9" 111'-0" | 48-5” 000 | 38 | 23 11] 38 3 
e 
the 
alve 
1€f- 
coil 
. 
Table V—Toroidal Bottom Tanks Table VI—Steel Reservoirs 
be Tank Diameter (D) —_ 
Pn baie | when h = 10’ 0" and H o. M4 we a ae Pal ; 
| ns =20'0" V=25'0" V=30'0’ V=35' 0" allo ; \ in. 
the eens — 50,000 20 21 é 
to 60,000 22 21 6 
4 fi in ft in.| ft in ft. in us eee 24 22 6 
3 2] 6 #8s| 61° 8 25 6 
_ 1,000.00 OS a 6O3| 7 «69 | 7 150,000 30 28 4 
just 1250000 | 105 4] 94 OO} 8 8] 79 2) Built 200,000 34 29 3 
1'500,000 | 115 2|102 9] 93 9] 8 8 to 250,000 38 29 9 
and 2000000 | 132 8/118 5|108 O| 99 11] Order 300,000 42 29 > 
3'500:000 | 148 O| 132 3|120 7j111-~ 6 400,000 46 32 ‘ 
3'000,000 | 162 0| 144 $|131 11 | 122 1 500.006 50 34 ‘ 
4,000,000 | 186 8/166 9/152 2) 40 8 750,000 60 35 9 
5,000,000 | 208 6| 186 3 1,000,000 70 35 0 
1,500,000 80 40 3 
2,000,000 95 38 3 
2 2,600,000 110 35 6 
. 3,000,000 120 35 9 
4.000.000 130 40 9 
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Plants in Birmingham, Chicago and Greenville, Pa. 


Bins, Storage Gas Holders 
Breeching, Steel Hoppers, Stee! 
Chutes, Steel Penstocks 


Pipes, Riveted Steel 
Pipe, Welded Steel 


Filtration Plants 
Flumes, Iron and Steel 











RADIAL-CONE 

Radial-cone bottom design tanks were developed to provide 

large capacity elevated tanks with a low range head. Tanks 

of this design make possible the storage of as much as two 

million gallons of water with a range in head of only 25 ft. 

Where wider ranges are permissable, radial-cone deSign tanks 
can be built with depths of 30 to 50 feet. 


4 1,500,000-gal. Radial-cone bottom, ellipsoidal-roof 
elevated water storage tank installed at San Antonio, 
Texas. This unit has a tubular-column tower and no 
balcony. The radial-cone design permits the building of 
large capacity elevated tanks with small range in head. 


Shown below are three ellipsoidal-bottom elevated tank installations, 
typical of the type which are serving municipalities throughout the coun- 
try. From left to right: A 50.000-gal. ellipsoidal roof and ellipsoidal 
bottom tank located at Montrose, Minn., a 500,000-gal. tank at Bristol, Pa., 
and a 50,000-gal. cone-roof, ellipsoidal-bottom tank at Arthur, Illinois. 
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CHICAGO BRIDGE & IRON COMPANY , 


Chicago 4 2198 McCormick Bidg. Los Angeles 14...1455 Wm. Fox Bidg. PE 8. cccsccse 5615 Clinton Drive Washington 4...... 703 Atlantic 
New York 6. .3390-165 Broadway Bidg. Birmingham |....1586 North 50th St. Philadelphia 3..... 1644-1700 Walnut San Francisco 11... . 1283.29 Bldg. 
Cleveland 15...... 2262 Guildhall Bldg. \ | RE 1646 Hunt Bidg. Street Bida. Street Biae 


In Canada: Horton Stee! Works, Limited, Fort Erie, Ont. 


W. design, fabricate and erect elevated water tanks, storage 
tanks and pressure vessels for municipal service. This experience 
enables us to discuss the advantages of various designs of Storage 
tanks and vessels and to submit estimating figures to municipal off- 
cials and water works engineers. 
such as those mentioned, write our nearest office stating capacity 
location and type of service desired. 


If you are planning installations 


BOTTOM TANKS 

Radial-cone bottom tanks may be designed with cone, dome 
or ellipsoidal roofs, with or without balconies. While cylindri- 
cal column construction is preferred by most municipalities 
structural towers are also available. The table below shows 
standard sizes for radial-cone tanks. 

A_ booklet showing various radial-cone installations, js 
available on request. Write for your copy. 


Left, above, a 1,500,000-gal. tank at Manito. 
woc, Wisconsin. Above, a 500,000-gal. elevated 
water storage tank at Birmingham, Michigan. 
Left, a 1,500,000-gal. radial-cone bottom tank 
at Indianapolis, Indiana. ‘ 


STANDARD RADIAL-CONE SIZES 














Capacity Diameter Depth 
(Gallons) of Tank of Tank 
500,000 61’ 25’ 
750,000 76’ 8” 25’ 
1,000,000 87’ 25’ 
1,500,000 106’ 25’ 
2,000,000 122’ 25’ 








ELLIPSOIDAL-BOTTOM ELEVATED TANKS 


Ellipsoidal-bottom tanks are built in a wide range of 
standard sizes. Since tanks of this design have rela- 
tively large diameters and shallow depths, water pres- 
sure variations between upper and lower levels are 
kept at a minimum. Risers on ellipsoidal-bottom tanks 
are connected directly to tank bottom, eliminating the 
necessity of an expansion joint. Ellipsoidal-bottom 
tanks are available with ellipsoidal or cone roofs. 


ELLIPSOIDAL-BOTTOM TANK SIZES 














Nominal Tank dimensions 
capacity, 
ga D H B K 
40,000 20’0° 139" s’0” 18’9" 
$0. 2’0" 140° 56" 196” 
60,000 240" 140" oo" 20/0° 
75,000 26’0” 150" 66" 21°6" 
100,000 28’8° 16’0° 72" 23'2” 
125,000 288" 21’2" 72" 28°46" 
150,000 34’0° 16°6" 8’6”" 25’0° 
200,000 38’0° 17°6" 6" 27’0" 
250,000 A 0” 10’0" 
300,000 41'0" 23’9" 103” Z 
400,000 47'0" 23/2" 119" 3411" 
$00,000 $1'0" 24'3" 12’9" 37'0" 
600,000 54'0" 263" 136" 39’9" 
750,000 $4’0" 32’0° 18’0" a 
1,000,900 
2,000.000 















































SEWAGE GAS HOLDERS 
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ity, 





HORTON ELEVATED STORAGE TANKS 


WASHWATER TANKS . . . FLAT-BOTTOM STORAGE TANKS 


Pressure Vessels, Welded Steel Plate Work 


Reservoirs, Stee] Tanks, Elevated Steel 
Receivers, Air Tanks, Storage 
Smoke Stacks Tanks, Surge 
Standpipes Tanks, Washwater 


- HORTONSPHERES 





















to paint. 





Three typical Watersphere installations are shown above. 
Their capacities and locations are (left to right): 50,000-gal., 
Granton, Wisconsin; 75,000-gal., Waterbury, North Carolina: 
150,000-gal., Kent, Ohio. 


crete foundation. 


THE WATERSPHERE 


Ta E Waterspheres shown at left are of new and modern de- 
sign. They consist of a sphere supported by a single column. The 
column rests on a cone base which is rigidly attached to the con- 
The smooth surfaces make Waterspheres easier 
Waterspheres ranging in size from 40,000 to 250,000- 
gals. have been installed in many municipalities. 


MISCELLANEOUS TANKS 


















WASHWATER TANKS 





Michigan City, Indiana, filter plant. 


FLAT-BOTTOM WATER 
STORAGE TANKS 





We also build ellipsoidal, radial-cone or special shaped tanks 
to give the rate of flow and head required for washing filters. 
The 100,000-gal. washwater tank at the left is located at the 


Shown at right is a 25,000-gal. ellipsoidal roof, flat-bottom 
water storage tank at Kent, Ohio. We build tanks of this type 
in any diameter and height to meet your requirements. 


y: . HORTONSPHERES 





RESERVOIRS 


In mountainous or hilly areas, natural elevations can sometimes 
be used to provide gravity water pressure. We build flat-bottom 
steel reservoirs for this type of service in standard sizes or spe- 
cial deigns to meet your requirements . . . of riveted or welded 
construction . . . with or without roofs. 


Right: One of two 2,300,000-gal., all-welded steel 
reservoirs installed at Alhambra, California. 





SEWAGE GAS HOLDERS 


Utilization of gas produced in the sewage digesters to provide 
power and heat at disposal plants is an economy-wise practice. A 
step further is the storing of the excess gas for use when gas pro- 
duction is low. The Hortonsphere at left... 36-ft. in diam., operating 
at 30 Ibs. per sq. in... was installed at the Duluth, Minn, sewage 
disposal plant. The twin spheres at right installed at Rock Island, 
Illinois, are 36 ft. in diam. They hold 50,000 cu. ft. each and operate 
at 50 Ibs. pressure. We also build the lift-type gas holders. 





W. 
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R. D. COLE MANUFACTURING CO. 


Est. 1854 


Tanks, Towers, and Steel Plate Work 
NEWNAN, GA. 


5,000 TO 2,000,000-GALLON WATER TANKS 


All shapes and sizes—The R. D. COLE MANU- 
FACTURING CO. has developed a complete line of 
elevated steel tanks for water supply, both for 


domestic service and sprinkler requirements, ranging 
in capacity from 5,000 to 2,000,000 gallons. 


The designs include the standard Hemispherical 
Self-supporting Bottom, the “Cole Ovaloid,” Stand- 
pipe and many individual 
styles involving architec- 
tural treatment to satisfy 
local conditions, or to pro- 
vide special shapes for ad- 
vertising purposes. 


STORAGE TANKS 


Pressure tanks for storage 
of gas from digesters at 
sewage disposal plants so 
that excess output at peak 
loads can be used during 
off-peak periods. Chemical 
storage tanks, hot water 
storage tanks, tanks for 
bulk storage of oils and gas. 





Designs Available for Any Service 
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1,000,000-Gallon “Cole-Shallow Depth" Tank 


CONSTRUCTION FACILITIES 


Fabricated Steel Plate—The R. D. COLE MANU- 
FACTURING CO. has a fully equipped plant for the 
fabrication of riveted or welded steel plate. In ad- 
dition to the construction of its regular line of hori- 
zontal return tubular boilers, oil storage tanks, 
tubular heaters, etc., the company is prepared to 
construct special tanks and apparatus of any speci 
fied metal plate. 


Alloys and Lining for Processing Apparatus—The 
facilities and experience of the company enable it 
to fabricate special apparatus of all kinds for the 
processing industry using alloy steel plates, stait- 
less steel, nickel-clad steel, etc.. or linings such as 
lead, tin, nickel or Monel. 
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MAINTENANCE OF ELEVATED TANKS 


By JOHN M. PERRYMAN 
Engineer, R. D. Cole Manufacturing Co., Newnan, Ga. 


ANKS and towers are an important part of most water sup- 
Tiiy and fire protection systems, and should receive the same 
d attention as other important parts of such systems. 

It is generally known that corrosion of iron and steel is a 
silent enemy, working during both war and peace through all 
the years. The conversion of steel into iron oxide or rust is 
Nature's course in returning iron or steel into its original state. 
“Air and water coming into contact with steel starts this cycle 
of returning iron and steel to rust. Rust occupies more space 
and also weighs more than the steel destroyed, for it consists of 
hydrous jron-oxide which is 54 per cent iron, 20 per cent oxygen 
and 26 per cent water. Due to capillary action water will climb 
a rusty steel tank shell or column, regardless of its height. Cor- 
rosion of steel tanks can be caused and accelerated by the pres- 


care an 














This Tank Has a Nice New 
Coat of Paint, But— 

an inspection by a qualified 

man would have avoided a 

dangerous condition. In very 


Another Bad Base Condition 
The base structure has been 
cleaned and painted but the 
brick foundation is badly in 
need of repairs. This pic- 





ture also reveals the hazard- 
ous practice of removing the 
lower tower rods. 


poor condition, the base of 
this recently painted tank 
was not given needed ai- 
tention. It was not cleaned 
properly before painting and 
the base plate should have 
been grouted to shed water, 
prevent corrosion and frost 
spalling. 


ence of acid fumes in the air, and particularly are tanks in large 
industrial areas thus affected. Also tanks located in areas of 
high humidity and along coastal waters, where high salt bearing 
vapors are present, are subject to accelerated rusting. 


Surface Preparation 


Tanks should be protected at all times from the elements that 
cause rust, using a paint that will protect the surface and present 
a favorable appearance. Steel can be protected at a reasonable 
cost by the use of rust inhibitive steel coatings. In preparing 
the surface the use of expensive sand-blasting is not necessary, 
nor chipping to the bare metal. The use of hand or power driven 
wire brushes is really all the preparation that is essential. The 
simple method of removing loose paint, scale and dirt by hand 
brushing, then applying a rust-inhibitor to seal the steel from 
the atmosphere will protect and prolong the life of your 
structure. 





Loadings on Tower Members 


As an example of the heavy loadings, on the tank tower 
structure, I might mention the 2,000,000 gallon tank in Charles- 
ton, S. C. The water and metal loading exceeds the weight of 
6,000 Ford cars, and the 100,000 gallon tank at Mt. Pleasant, 
S. C., amounts to 325 Ford cars. You can see from this that 
the tower load involved in overhead tanks is appreciable, and 
must be dealt with according to a scientific business like pro- 
cedure. 


The Inspection 


To assure long life and prevent, as near as practicable, the 
formation of rust, and in addition provide a safe structure, the 
tank should be drained completely, allowed to dry, and inspected 
by a competent inspector at intervals not to exceed five years. 

These inspections should be made by no other than a skilled 
man who is thoroughly competent to detect weaknesses and pass 
upon their importance. This is not a matter which can be left 
to transient steeplejacks or traveling inspectors of unknown 
ability and integrity—the man should be a structural engineer. 
In locations where the water is highly aerated or contains par- 
ticularly corrosive elements, the examination should be made 
more frequently than once in five years. 

When an inspection is to be made, the fire chief and others 
dependent upon the water supply should be notified in order that 
they may not be dependent upon the tank for extra head and 
volume during the planned outage. 


What to Look For 


The inspection should consist of: first, an examination of all 
ladders for safety; especially examine for missing connecting 
bolts, conditions of lugs and rungs, etc. The revolving ladder on 
the roof should be inspected for a poor connection at the finial, 
also the ladders on the inside of the tank and rise should come 
in for thorough examination. Check condition of the roof and 
spider, and be sure that it will prevent the entrance of birds and 
other harmful matter, and that it will safely withstand sudden 
high winds. Examine the tank proper for loose scale and leaky 
rivets and seams. 

The balcony floor is designed to resist the thrust of the col- 
umns and should be perforated at proper places so that water 
will not stand on the floor. Examine the hand rail for safety, 
also all rods, turnbuckles, clevises and pins. 


Repairs and Replacements 


Before repainting you should be certain that all badly corroded 
parts have been replaced or properly repaired. Look under the . 
clevis pins and rod loops on your tank. The top side may be in 
excellent condition, but the underside and partially hidden sec- 
tion may be found to be in a dangerous condition. Examine the 
back surfaces of lattice bars, anchor bolts, the inside of boxed 
channel columns, pockets where batten plate connections and 
column bases form pockets for collecting trash and water with- 
out proper drainage. These enclosures may be cleaned and 











Some Bad Order Specimens 
(Left) Lattice bars completely eaten away-where building roof 
contacts the tower leg. 
(Center) Another specimen of badly corroded tower leg. 
(Right) This obsolete style of tower leg has all but failed. It 
buckled under the full load weight. 
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painted, then filled with concrete to a proper level at the top and 
shaped to shed water. Base plates should be grouted with sand 
and road oil mixed, or with asphalt. 


Where angles or othter structural sections are separated by 
narrow spaces, rust can usually be removed by using narrow, 
bent scrapers, and the sides of the angles facing the narrow space 
may be painted with a spray gun. The present day manufacturer 
of elevated tanks endeavors to offer a tank design using open 
sections that can be readily inspected, cleaned and maintained. 


If structural members of details affecting the strength of the 
tower are found to be in a condition such that they must be 
replaced, they should be renewed by a recognized tank designer, 
faoricator and skilled erectors. 
Diagonal wind rods should not 
be removed for cleaning and 
repairing, except when the tank 
is empty and on a calm day, 
and then only when adequate 
provision has been made _ by 
means of struts and guy wires 
to prevent a possible collapse 
of the structure. 





The brises and base plates 
must be examined, and if the 
base is so built that it holds 
water (see illustration), drill a 
1'4-inch hole through the chan- 
nel boxed section to permit 
drainage. Trash should be re- | 
moved at regular intervals. The 
base plates should be grouted 
with a mixture of sand and 
asphalt so water cannot run un- 
der the plates. The grout should 
taper off from top edge of 
plate to concrete pier. 





An Important Hole to Keep 
Open 
The arrow points to the deep 


hole in the boxed-in column 
section to drain water from this 
pn type of base. 

There are a number of ele 
vated tanks built with auxiliary 
tanks of smaller capacity suspended underneath, also flat bottom 
tanks built on supporting grillage. When these tanks are in- 
spected, look for badly corroded suspension rods and connec- 
tions to the tank. They quite often are found in a dangerous 
condition. The steel grillage on flat bottom tanks is subject to 
heavy corrosion and only on careful examination will you find 
those connections that have become unsafe. There have recently 
been some tanks found in dangerous condition that were orig- 
inally built without balconies and not sufficient reinforcing at 
the column connections. The shell plates have actually broken, 
due to over-stressing and fatigue of the metal. 


Concerning Rivets and Seams 


Much has been said about leaking rivets and seams. The facts 
are that in most cases the importance of this is exaggerated and 
sometimes used by unscrupulous repairmen as an entry and ex- 
cuse for expensive repair work. 


Loose rivets can be caulked just as effectively as can leaky 
seams. Don’t let anyone tell you that because the head of a rivet 
is badly pitted that it must be removed and a new one driven. 
Remember that a rivet head is to hold the plates firmly to- 
gether, and other than holding a small tension between the 
plates, a corroded head does not seriously impair the strength 
of your structure. /t is the shank of the rivet that really does 
the job. Furthermore, when a rivet is knocked out, you loosen 
at least eight additional adjoining rivets, thus a larger repair 
job has been created. Be careful! 


Cleaning 


After all of the above procedure has been carried out, the 
tank should be thoroughly cleaned both inside and outside, as 
well as the tower and other parts of the structure. Paint or mill 
scale which adheres firmly to uncorroded steel should not be 
removed, but these surfaces should be cleaned to remove all 
loose dirt or sediment. Where extensive pitting of the steel be- 
neath several coats of paint is encountered, this portion should 
be vigorously wire brushed with a power tool to prepare prop- 
erly for the new coat of paint. 


If the tank has a large steel riser (36-inch diameter or larger), 
all sediment can be removed from the base by the means of the 
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washout valve in the base of such risers. However, if the 
has a small cast iron or steel riser of from, say, 8 to 12 j ro 
it will be necessary to bail the sediment from the bottom of ih 
tank, since these tanks are in general without washout Valves 


Remember to repack the expansion joint and replace all bri 
and leaking gaskets at manholes. Frostproof casings should 
repaired or replaced ; or, even better, remove both pipe and casi 
and have a 36-inch steel riser installed in its place if the siz mg 
the installation will justify it. © ol 


Painting 


Best results from painting are obtained when the outside tem 
perature is above 50 F. and the temperature of the paint and 
surface to be painted are the same. Painters should be cay 
tioned not to allow trash, paint or other material to drop down 
the riser while they are cleaning or painting. A sheet of heavy 
paper may be tied over the small riser, or a deck may be buii 
across a large riser pipe. 


Interior 


During the summer it is best to paint tank interiors at night 
in order to avoid uncomfortably high temperatures. Paint dries 
more quickly on the inside if the manhole cover is removed anj 
the roof hatch is left open. Forced air circulation has a definite 
advantage in expediting the painting job, and it should be re. 
membered that forced circulation adds greatly to protection oj 
the painters and accelerates drying. 

It is recommended that the inside of the tank, riser and under. 
side of the roof be painted with two complete coats of red lead 
and a final coat of black interior tank finish. This finishing coat 
should be of the type that does not impart any taste, odor, or 
discoloration to the water. 

The coat of black interior tank finish is actually to protect the 
red lead, and, of course, the red lead is to protect the steel, 


Exterior 


Paints tend to loose their imperviousness when submerged in 
water for long periods, such as on the inside of tanks. It is sug. 
gested that 10 per cent by weight of litharge be added to resist 
the softening action and hasten the drying. The litharge may 
be mixed in a small amount of linseed oil and then added to the 
red lead as required. 

.The outside should be painted with a coat of either red le 
or gray lead, followed by two coats of aluminum. It is als 
suggested that you paint all abraised surfaces with two touch-up 
coats prior to the finish painting with aluminum. 

For best results, the final coat inside the tank should be al- 
lowed to dry at least one week before admitting water. 


Safety and Cleanliness 


Paint thinned with naphtha, benzol, toluol or other liquids 
which give off toxic vapors are hazardous to life when used in 
confined spaces such as inside of a tank. They should be used 
only by experienced painters who are thoroughly familiar with 
their proper applications and the hazards involved. Forced air 
circulation inside the tank and gas masks are essential where 
such dangerous materials are employed. 


After painting, particular care should be taken to make sure 
that all planks, scaffolding, rope, paint cans, brushes, and other 
material are removed from inside the tank and riser. This hav- 
ing been done, you should refill the tank, sterilize it in accord- 
ance with the Board of Health requirements, and restore service 
as soon as possible, considering good workmanship and proper 
drying as the first essentials. 


Foundations should be examined, and if showing signs of de- 
terioration should be carefully pointed up with a cement mix 
consisting of one part cement and one part of sand. There have 
been a number of foundation piers built of brick or stone. These 
should receive extra attention. 

A typical specification for tank painting follows, and we be- 
lieve that it will eliminate any possibility of the tank owner 
suffering from some unscrupulous contractor, holding him re- 
sponsible for charges other than cleaning and painting, unless 
such extras are authorized in writing. Your attention is further 
directed to the practice made by most tank fabricators and 
erectors of making tank inspections at a nominal charge 
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REPAINTING ELEVATED TANKS 
(A Pattern for Specifications) 
are to be received for the furnishing of the necessary 


necessary: 


B..goo 4 equipment and materials to clean and paint Ele- 
vated Steel Water Tank and on a steel tower elevating the 
a Tower of gallons capacity —— ft. —— in. 





m Steel 4 
, oe top of foundations, and/or Flat Bottom Steel 


Reservoir of ——— diameter x height. : 

General: The inside of the tank proper and underside of roof 
. to be carefully examined and all loose paint, scale, rust and 
blisters are to be removed with scrapers and power wire brushes 
and the surfaces thoroughly dried. Paint or mill scale which 
adheres firmly to uncorroded steel need not be removed, but the 
surface should be cleaned to remove sediment and dirt. If there 
‘ extensive pitting of the steel, this is to be brought to the at- 
tention of the inspector for whom the work is being done. 

The spider rods, inside ladder, or any oher inside structural 
details, such as the inside of the large steel riser pipe, is to be 
thoroughly cleaned as previously mentioned before any paint is 


applied. : . ’ 
aT dirt and sediment collecting at the base of the riser is to 


be removed. 

Any brittle or leaking gaskets at the manhole, washout valve 
other openings are to be replaced with new gaskets of equal 
or better materials. 

The inside of the tank and large steel riser after being pre- 
pared as heretofore mentioned and approved by the inspector, 
are to be given one coat of red lead paint with 10 per cent by 
weight litharge added to offer resistance to softening action of 
the water and dry more quickly. After this red lead coat has 
become thoroughly dry, a coat of black interior tank finish paint 
is to be applied on the inside for the finish coat. 

The outside of the tank is to be examined and cleaned as 
indicated for the inside, with especial attention being given to 
those parts of the tank structure which are difficult to clean, 
such as around the clevice pins and end of diagonal wind rods, 
anchor bolts or back surfaces of lattice bars or columns, inside 
channel columns near foundations, inside surface of members 
composed of angles which are separated by thin lattice bars, 
washers or short pipe. 


Water 
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If members or details effecting the strength of the structure 
are found seriously corroded, this should be brought to the 
attention of the inspector. Diagonal wind rods or other mem- 
bers should not be removed for cleaning, unless the tank is 
empty and adequate provision is made to prevent the structure 
from collapsing. 

After the outside has been thoroughly cleaned, a touch-up coat 
of red lead is to be applied to all surfaces where the paint has 
been removed, and then the entire outside of the tank and tower 
is to be given two coats of aluminum paint of color selected by 
the purchaser and of a kind made purposely for application to 
outside of steel water tanks. 

The contractor for this work is not to apply any paint, unless 
the outside temperature is above 50 degrees, and paint and sur- 
face of the steel should be approximately the same temperature. 

Provision is to be made for the safety of the men, providing 
proper ventilation for working on the inside, and comply fully 
with all local and state laws; Workmen’s Compensation, Public 
Liability and Property Damage Insurance are to be carried with 
$10,000.00 and $25,000.00 limits. 

Certified copies of policies in force to be attached to contract. 

The contractor is to employ only skilled elevated tank painters, 
and no other work except the above cleaning and painting is to 
be done, except with written approval. 

Upon completion of the painting, the contractor is to remove 
or dispose of all rubbish or other unsightly material caused 
by their operation and leave the premises in as good condition 
as it was found. 

Terms of payment: Net cash on completion and acceptance 
of work. 


Additional Comments 


Tanks with small cast iron risers and wooden frost casings 
should be examined and expansion joints repacked. 

If hot water or steam pipes are in poor condition, they should 
be replaced. 

Consult your insurance company and advise them when the 
tank will be out of service and length of time out of service. 

If the tank is a municipal water supply unit, notify the local 
fire authorities when the tank will be out of service, so they 
will not be dependent on this volume of water for fire protection. 





MAKING PIPE BUSHINGS FROM STANDARD PIPE 
. A Handy Kink 


O YOU know that first class pipe 
” bushings can be made out of standard 
pipe? Many users of pipe don’t know that 


that in one case, 34” he it 
diameter of 34” extra heavy pipe is such 3” 
that no drilling is necessary. 


Note also that in bushing from %” to 
either extra heavy or double extra . 
heavy piping can be used. 


to 44”, the internal 





itcan be done. Or, if they know that it 





can be done they don’t know the correct To Bush Use This Use This Size 
size of ey ay + tapping. I — From Size Pipe Drill or Reamer 
occasionally made bushings out of pipe, but ma ” yy ” A: On 
each time I found it necessary to first look %" on 73" vA" x 21/64” drill = 0.328 
into my handbook for the drill size to use +8" to vA" ¥" Xx > None. ‘ ren 
and that is so much trouble that it is fre- «i to , a va" XX 21/64” drill = 0.528" 
quently easier to go to the store and buy oie to %" va" XX 27/64" drill = 0.422” 
anew bushing. Recently, though, I col- va" to % 7" XX 9/16” drill = 0.562” 
lected all of the data together for all bush- ya" to yi” va" Xx 9/16” drill = 0.562” 
ings that can be made out of ordinary sizes a to 4 Pe %” XX 9/16” drill _ 0.562” 
of extra heavy and double extra heavy pip- ‘* to Ya" ‘.* oo ive drill - 0.688” 
ing, compiled the figures in tabular form, a0 ” ¥" ” 29) se" drill = 0.907" 
114” to 1 14%” XX 1/18” drill = 1.125 


” 


and here they are. 14” to 1 

For example, to bush from %” to %” 11%” to 1%” 
get a piece of 14” extra heavy pipe suffi- 2 "to 1%” 
ciently long for cutting the outside thread. ~. to Z se 
Then cut the end off to the desired length, 34" a i 
drill or ream with a 21/64” drill (diameter 4 "to 34” 
of drill 0.328”) and then tap with a %” 44” to4 ” 
pipe tap. That's all there is to it. 

This accompanying table tells the com- 








1/18” drill = 1.125” 


114” XX 
1-15/32” drill = 1.468” 


114” XX 
2 ” 


XX 1-23/32” drill = 1.72 ” 
24%" XX 2- 3/16” drill = 2.187” 
3 ” XX 2- 9/16” drill = 2.562” 
34%” XX 3- 3/16” drill = 3.187” 
4 "XX 3-11/16” drill = 3.688” 
44” XX 4- 3/16” drill = 4.187” 


X = extra heavy pipe. 
XX = double extra heavy 
pipe. 











plete story for all ordinary sizes: Note 
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CLEANING, PAINTING, AND PROTECTING STEEL WATER TANKS 


By JOHN M. PERRYMAN 
Engineer, R. D. Cole Mfg. Co., Newnan, Ga. 


TEEL water tanks and towers should receive careful annual 
inspections and not suffer from neglect. Some estimates of 
cost, intended to provide ideas of the amounts involved to proper- 
ly protect water tanks of various sizes, are given in this article. 
Leading designers, fabricators and erectors of steel water tanks 
are in position to offer inspection service and competent advice 
as to necessary work that may be required to maintain or place 
tanks in the best of condition. This service will usually cost 
from $100.00 to $150.00, depending upon the location. 

Paint has been and still is the proven method for the protec- 
tion of steel, although, through research and experience, other 
methods are being used. Therefore some are mentioned for your 
consideration. 

Even the best paints will not adhere to rusty steel without the 
steel having been properly cleaned of all loose rust, grease and 
old loose paint. Thorough wire brushing is all that is really 
necessary, although in badly corroded structures more severe 
methods may be required, such as sand-blasting. See specifica- 
tions at end of this article. 

The ideal time to clean, paint and repair is during the late 
spring and the early fall months, and never when temperatures 
are likely to be less than 50 degrees, and the ideal is from 60 to 
70 degrees. 


Good Paint Is Good Economy 


The use of good paint is good economy. Since labor is the 
governing factor in the cost of painting, amounting to approxi- 
mately 80 per cent of the total cost, the use of the better grades 
of paint adds little to the final cost. 

The American Water Works Association and some insurance 
underwriters have published specifications for proper methods 
of tank cleaning and paints that are satisfactory. Therefore it 
is suggested that you communicate with them or with the manu- 
facturer of your elevated tank, in order that you may secure the 
best available information before proceeding with the cleaning 
and painting of your water tanks. 

A fact to remember is to “repair” before painting, so it is 
desirable that you secure the advice of experts before proceeding 
with your painting. When experts are mentioned, do not be 
misled by false or misleading statements. Remember the loads 
involved in water tanks of the elevated type are highly concen- 
trated—and the advice of so-called “steeple-jacks” that are not 
professional engineers cannot, therefore, be relied upon, as 
usually they do not have knowledge of the stresses or the methods 
of calculating stresses to advise you fully as to the strength or 
weakness in a steel tank. It is suggested, therefore, that you 
ask for credentials or other evidence as to one’s ability to pass 
judgment on tank details, as this is highly important. 


CHART NO. 1 
‘Gallons of Paint Required Based on 100-ft. Towers 


50,000 75,000 100,000 150,000 250,000 500,000 

Gals. Gals. Gals. Gals. Gals. Gals. 
First Coat Inside.... s 10 12 15 25 50 
First Coat Outside... 12 14 17 22 35 70 
Second Coat Outside. 12 14 17 22 35 70 
*Riser, per coat...... 3 3 3 3 3 3 


Note: The 3 gallon requirement is for 3’ diameter risers. For 
t’ diameter riser, add 3 gallons; for 5’ riser, add 6 gallons per 
coat. 

Furthermore, before entering into a contract be certain that 
all work to be done has been agreed upon in writing, and that 
no hidden clauses are in the contract which entitles the person 
or persons doing the repair work to proceed with additional 
repairs or replacements without written advice and predetermi- 


nation of cost. 


Estimating Paint Requirements 


Now let us consider quantity of paint involved to properly 
paint your tank. Chart No. 1 gives the average quantity of 
paint required, and I believe that this is fully self-explanatory. 
This chart is for your guidance and should take care of all 
popular sizes of elevated steel water tanks. 

Paints of the highest quality can currently be procured at 
about the following prices: 

Red lead—$4.50 per gallon. ? . 

Black interior water tank paints—$3.50 per gallon. 

Aluminum and other high grade exterior paints for steel struc- 
tures at approximately $4.00 per gallon. 
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Sample Estimate 


You may refer to Chart No. 1 and secure therefrom ¢h 
amount of paint required for your tank, and then total the ‘ 
proximate cost as illustrated: p- 

Take, for example, 100,000-gallon elevated tank together with 
a steel tower 100 feet high and a 3-foot diameter steel riser 
calculate as follows: = 


1—Inside red lead (15 gals.) @ $4.50...................... $ 675 
2—Inside black paint (15 gals.) @ $3.50............00000022" pom 
3—Outside red lead (5 gals.) @ $4.40....... Re SET Be mH 
4—Outside aluminum (40 gals.) @ $4.00...............0007) 160.04 
EE Be SE ocd vncensd<tgndannieesis~senaeucuaal $ 3025 
Add for labor and incidental cost, four times the cost of _ 
CE: nna geteurcdcenveuerGowens i04cccusndgesegnacdienssant 1210,09 


Total cost for doing a nominal amount of wire brushing, 
both inside and outside, replacing manhole gaskets, and 
stopping any small leaks (not to exceed 10), total cost. .$1512,59 


When Using Cathodic Protection 

In lieu of painting the tank complete on the inside you may 
calculate the approximate cost of painting the underside of the 
roof and top ring on the inside of the tank and the outside of 
the tank to be painted with two coats of paint and for the inside 
using cathodic protection. The cost will be about as follows: 


ee ee ee ee D0 Bs oc cc ted encnseenedecssencauce $ 22.50 
Inside black paint (5 gals.) @ $3.50..................00000,, 11.50 
er rr i Se hc eade da n'w en ase wu medeee 160.00 
SE Skt cbs satin ree tebomuss ke den teak sawes 4000 8eceaeeeenn 50.00 
Cathodic unit installed (see Chart No. 2).................. 600.00 

NE ecccmcnseaaess sata ie cel tart 3 6 ecsiacies ica ca $350.00 


And to the above you must add the cost of the outside painting 
(see first tabulation, items 3 and 4): 


Pe ee Cr, ch iednadebeedd seed ee ebceeedweneeaek aan $ 182.50 
er CR Te BD BE iis o dvei acca cankcssicevisices 730.00 
Total cost of painting the outside...............sceeceees $ 912.50 


Cost of painting outside of tank and tower, painting un- 
derside of roof and installing Cathodic Protection on 


SE: aiar'a ernie eloatd bint a ace in dr ernie: a oceceiec bal ogra aa Gare nee etl eae 850.00 
MEE Ai adin cirri Hd ie oni ate aeadbaib aaa sone $1762.50 


Bituminous Enamel Interior Coating 

Another method of protecting the inside is with the use of 
one coat of bitumastic priming solution and one coat of bitumastic 
enamel on the inside of the riser, the bottom and shell of the 
tank and painting the underside of the roof two coats of bitv- 
mastic solution. The approximate cost of doing this work is 
about $1350.00 for applying bitumastic enamel on the inside ant 
the cost of painting the outside of the tank, $912.50, giving a 
total of $2262.50. 

From the above illustrations and using charts No. 1 and No.2 
you can approximate the cost of€cleaning and painting your tank, 
applying cathodic protection to the inside or using the bitumastic 
enamel. 

In using the above estimates, remember excessive cleaning, 
repairs and replacements are not included in the estimates of 
cost outlined, nor does the information given outline the advan- 
tages or peculiarities of any of the principal methods of giving 
protection to your tank; nor do they include estimates of life 
expectancy or protection, upkeep of operating devices and 
operating cost of the electrical protective devices. 


CHART NO. 2 
Cathodic Protective Units 


The approximate cost of Cathodic Protection, not including cost 
of cleaning the inside of tank, nor painting the underside of the 
roof and top shell ring: 


FR re ae ee ee $500.00 
I I oo cco whigiorelee aailersribigia do arkie-aim om 600.00 
ad an aie ae ai wa Gus wile ee aN 800.00 
ee a 1000.00 
Cost of painting underside of roof and top shell ring: 
EE So ois a wn baw a eee ea eee ete $225.00 
er re 250.00 
is ks ee pea aaaaye LMR eAe eRe 400.00 
Ey ME on dds mba wah Oh Se hea ew we be Ske 600.00 


Approximate cost applying one coat Bitumastic Solution and 
one coat Bitumastic Enamel to riser, bottom and shell and two 
coats Bitumastic Solution underside of roof: 

Ty OS Se rarer $1200.00 
100,000 gallon tank—3’ riser..................0e0ee. 1350.00 
250,000 gallon tank—4’ riser....... RAEN SEO: 2300.00 
500,000 gallon tank—5’ riser............... .... 3500.00 


Cleaning, Repairs and Painting Specifications 


The reader is referred to specifications given on page R-7/, 
Water Works and Sewerage, June, 1944. 
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ROSS VALVE MFG. CO., INC. 


TROY, NEW YORK 





AUTOMATIC CONTROL & PRESSURE REGULATING VALVES 
For Water Works and Fire Departments 


For accurate service, the automatic control and pressure regulating valves must be right as to 
type and size for the service required. Our W. R. Type, cast iron, bronze mounted valves 
in sizes from 4” to 30” are guaranteed for services for which they are designed. 


Altitude Valves 
Single Acting 


Model 40 AWR — semi-throttling hy- 
draulic control to prevent overflow of 
tank, standpipe or reservoir or to 
maintain a positive adjustable head for 
washing and filtering operations. Pilot 
adjustment range—4 to 30 ft., 30 to 60 
ft., 60 to 150 ft. 


Model 30 AWR—wide open or closed 
hydraulic control to prevent overflow 
of tank, standpipe or reservoir. Pilot adjustment range 4 to 
30 ft., 30 to 60 ft., 60 to 150 ft. 

Other single acting altitude valves combine back pressure or 
relief valve and pressure reducing functions. 


Double Acting 

Model 40 DAWR—to prevent overflow in tank or reservoir 
and to allow return flow to distribution system when head on 
tank side is three inches higher than head of distribution 
system. These valves may be equipped with Remote Hy- 
draulic and Electric Control. When required the return flow 
can be delayed for a predetermined pressure drop in distri- 
bution. Pilot adjustment range—4 to 30 ft. 30 to 60 ft., 
60 to 150 ft. 

Other double acting altitude valves combine many additional 
features to prevent dumping of tank, to retain supply on off 
peak loads and to make available maximum storage for peak 
load periods. Also a semi-throttling model for gradual clos- 
ing of feed line and for maintenance of adjusted pressure on 
the distribution side. Can be equipped with secondary pilot 
to close valve if break occurs in distribution system. 





Surge — Relief — Back-pressure Valves 


Model 50 RWR—Single Pilot, Electric 
and Hydraulic Control—for protection 
against excessive pressures in distribu- 
tion systems, supply lines and pump 
discharge lines. Installed in discharge 
line of deep well pump, provides con- 
stant back pressure to prevent over- 
drafting of the well. Pressure range 
in pilot—10 to 60 Ibs., 20 to 150 Ibs., 
125 to 250 Ibs. 


Float Valve or Level Controller 





Model 50 FWR—External Pilot Oper- 
ated—to control main valve so that 
main stem operates wide open or 
closed. Pilot valve wastes to atmos- 
phere contents only of operating 
chamber each time valve stem rises to 
open position. Maximum inlet pres- 
sure, 175 Ibs. 





Model 40 FWR—External Pilot Oper- 
ated, Semi-throttling--for gradual clos- 
ing of valve during last three inches 
before overflow. 


Reducing and Regulating Valves 
Model 40 WR—Single Pilot, Hydraul- 
ic Control—to maintain constant de- 
sired discharge pressure regardless of 
rate of flow or pressure on upstream 
side of valve. As a pressure reducing 
valve, operates to: 
1. Control and regulate pressures in 
gravity and pumping systems. 
2. Regulate flow between reservoirs 
and zones of different pressures. 
3. Regulate fire flows between zones 
of unequal pressures. 
4. Regulate pressures in filter wash 
lines and aerator nozzles. 
Valves operate without waste of water 
to atmosphere and will not induce 
surge. Can be equipped with dual pilot 
to permit changing from one pressure 
to another by mere operation of a 
three-way cock for systems operating 
under different day and night pressures. 
Valves may be supplied with right- 
angle body. Pressure range outlet— 
10 to 60 Ibs., 20 to 150 Ibs., 125 to 250 Ibs. 





Model 40 WR—Single Pilot, Electric 
Remote Control—motor driven, geared 
to pilot adjusting tail screw, made with 
limit stops to prevent over-travel, and 
operated by push button switch. 





Pressure Reducing and Reverse Flow Valves 


Model 50 WR—Single Pilot, Hydraul- 
ic Control—for installation at dividing 
line between two zones to reduce pres- 
sure from higher zone, to function as 
a sleeping valve, discharging into low 
zone at a time of excessive draft, to 
permit flow from low to high zone 
when excessive draft in high zone re- 
duces its pressure below that of the 
low zone as in case of fire. Pressure 
range outlet—15 to 60 Ibs., 20 to 150 Ibs. 
This valve may be equipped with dual 
pilot control to permit greater ranges 
in pilot control and to provide the as- 
surance which goes with duplication 
and stand-by units. 





FIRE DEPARTMENT SPECIALTIES 


Portable Fire Hydrant Head for Pressure Reduction—Internal 
Pilot Operated—for attachment to high pressure main; Car- 
ried on apparatus to fire, one man can attach (110 lbs. weight) 
in 18 to 30 seconds, four 214” hose connections delivering in- 
dependently from shutoff to full pressure and a fifth connec- 
tion 2%” to 3” delivering full pressure. 


Hose Valves for Pressure Reduction 
Fire Engine Relief Valves 


All Ross Valves Repaired in Line: Internal Packing Replaced Through Top of Valves. 
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GOLDEN-ANDERSON VALVE SPECIALTY (Co 


1350 Fulton Bldg. 
PITTSBURGH, PENNA. 








THRU-FLOW 
CONE VALVE 


Afford full pipe line 
flow without friction 
loss. Always oil lubri- 
cated. Axially unseats 
, before it rotates with- 
» out friction, rub or 
wear. Especially desir- 
y able for sewage dis- 
2 posal service. 


CUSHIONED FLOAT VALVE 


Automatically 
maintain uniform 
water levels in 
tanks, standpipes, 
etc. 


Instantly adjust- 
ed to operate quick- 
ly or slowly. 


Cushioned by 
water and air, sizes 


Y to 24”. 





WATER STRAINER 

Large capacity with min- 
imum friction loss. Strainer 
basket quickly accessible and 
easily cleaned. Basket mesh 
furnished to suit any service 
conditions. Sizes to 24”. 















WATER REDUCING 
VALVE 


Assures positive control 
of low pressure. Air and 
water cushioning prevents 
shock or hammer. Sup- 
plied with single or dual 
pilot controls for any serv- 
ice. Sizes to 24”. 
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ALTITUDE CONTRO, 
VALVE 


Assures uniform wate; 
level in tanks, Standpipes 
and reservoirs. Suitable for 
use in single or two-way 
line service. Heavy interna] 
bronze mounting and air 
and water cushioning makes 
valve indestructible. Sizes 
to 24”, 





CONTROLLING FLOAT 
VALVE 


Ideal for heaters, vats, tanks, 
etc. Valve entirely self-contained 
and operates without water spill. 
Sensitive in operation and inde- 
structible due to air and water 
cushioning and heavy bronze 
mountings. Sizes to 24”. 





NON-RETURN VALVE 


Protect life and property 
against boiler tube ruptures; also, 
furnished in Triple Acting style 
to protect against steam line 
breaks. Supplied for low and 
high pressure steam service. Sizes 
to 12” in angle, globe or elbow 
patterns. 





ENGINE STOP VALVE 


The most efficient and depend- 
able automatic stop valve to pre- 
vent overspeeding of turbines, 
engines, etc. Automatically 
tripped by mechanical or elec- 
trical control. Furnished angle 
or globe patterns to 12” sizes. 
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iQ), CATHODIC PROTECTION OF STEEL SURFACES 
IN CONTACT WITH WATER 


By LEON P. SUDRABIN 
Chemical Engineer, Electro Rust-Proofing Corp., Dayton, Ohio 































































































ROL 
PART |—Basic Principles and Controlling Phenomena In the ‘water works field, cathodic protection as a method of 
Ea Pe Se thod oe corrosion control is a relative newcomer, the first application to 
Water HE “—¢° sngponionn si ee F - el es t ee Seve rare miti- water storage tanks probably being made in 1936.* Since that 
pipes gating a yo persendy : r - eS — = it natural time cathodic protection has established itself, when properly 
: waters’ in the p BE OF *) to MN Tas been a challenge to applied, as being a practical method of protecting submerged steel 
le for all engineers who design and operate steel structures such as gurfaces. 
Way clarifiers, filters, water storage and heating tanks which come | ; - 
ternal in contact with this environment. The methed selected for re- What Cathodic Protection Is 
tarding the wastage of metal by corrosion is usually based on In the simplest sense, cathodic protection consists of stifling 
alr any one or a combination of the following procedures: (1) use the flow of current which accompanies electrochemical corrosion 
nakes of protective coating; (2) the adaptation of metals and alloys by projecting a current flow through the corroding media to the 
Sizes which resist the corrosion environment encountered ; (3) chem- metal where it becomes superimposed on the metal surface to be 
ical treatment of the water to make it less aggressive; (4) protected. 
cathodic protection, which subdues galvanic corrosion electrically. This definition conforms with that given by earlier research 
workers in the field of corrosion, and its 
thought will be developed throughout this 
paper. 
CORROD/ING MEDIA. AERATED NaC/ 5OL UT/10, When compared with other methods of 
corrosion control, properly understood and 
INDICATORS « POT. Ferric yanide & Phenolphthalein —— poor gl pa 
adv Ss WwW stify its siderz 
as the solution of many corrosion problems. 
, . (a) In many cases installations can be 
Blue Floc Aasion Law made and placed in operation without tak- 
‘ Metoa/ ing the equipment to be protected out of 
service. This is of particular importance 
o Me OOM ~ OW Sz - in water tanks used for fire protection, 
2 Re os Pe, ” ZN water systems where there is only one head 
=. Ney, > Lt L tank or in other equipment where an out- 
age would interfere with production. 
: : (b) Surfaces to be protected do not 
Anodic Frocess: Cathodic Frocess: require special preparation. Old paint films 
ke-2e > fe"* ($40 +h,O+2e + ZOH™ and most scale and corrosion products ac- 
2.M +0 eH Ae! tually reduce current density requirements 
3. Fee -~fe** for complete protection. 
This eliminates the necessity of sand 
] = blasting, flame cleaning or wire brushing 
, RR / F. . , ‘ - 
! A. RLELY Co ODI1NG Jur ACE to remove the old coating and corrosion 
debris, drying of the exposed surface and 
rty providing adequate setting time for a pro- 
also A a tective coating before contact with the 
edie Frocess Th water, in ordor to obtain a satisfactory 
, * . Vai liar. Anode o c . 
style (Oxidation) i. 2 | protection for underwater surfaces. 
line (c) The use of an adequate current 
and ' - density to take care of the cathodic proc- 
; Avxiliary Potentia esses on the surfaces exposed to the cor- 
12€S roding media will give complete protection 
OW by maintaining protecting effect contin- 
. Qith Layer uously on the metal surface. This may be 
Oxtda Fr/m compared with the development of failure 
‘etal in most protective coatings which become 
\ focal points of accelerated corrosion, re- 
O, Red 4, OS ON” sulting in deep pits before a new covering 
+ e ie can be applied. 
A = (d) Cathodic protection requires very 
- = iN little maintenance and supervisory atten- 
tion. 
Caerrodic Frocess: (e) Cathodic protection can be econ- 
/. Ve0ethe0 + 2a 20N~ omically justified when compared with 
2.Aa*e N° h» 4 other methods of underwater corrosion 
‘ control. 
peer * ° 
J. Fe \a-—— Fe (f{) The chemical nature of the bulk of 
the water is not altered by cathodic pro- 
B. CATHODICALLY PROTECTED SURFACE tection. 
416.4 *“A New Method of Tank Protection”’— 
. O. B. ann —— 4 bashes ae parte 
= . : , ; . : . : . , Ohio (W. W. € S., Nov., 19% s seemingly 
Fig. 1 (A & B)—Schematic [Illustration of Chemical Reactions at the Face of a pong he OR published report on cathodic 
Freely Corroding Surface and One Which Is Receiving Cathodic Protection. protection applied to water tanks. 
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Background | 
The idea of cathodic protection is not all 
new, since Sir Humphrey Davy’ in 1824 
observed that a metal “...if it could be 
rendered slightly negative, the corroding | 
action of sea water upon it would be 
null...” and he “...thought of using vol- | 
taic battery...” to supply the current flow | 
to the metal surface. 

Practical limitations of the voltaic cells | 
in those days prevented Davy from using 
them as a means of motivating current | 
flow to large surfaces to be protected; 
however, he did attach zinc plates to these 
metal surfaces and protected them by the | 
flow of current generated by the potential 
difference in the zinc-metal couple. The 
zinc plates were not effective over large 
areas. The most complete protection oc- 
curred adjacent to the zinc and rapidly 
diminished in effectiveness as the distance 
from the zinc was increased. 

Around 1912 Cumberland*® in England, 
and in the early 1920's Kirkaldy* in the 
United States, made use of direct current 
for corrosion control and the prevention 
of scale and formation in surface con- 
densers and boilers. In his application of 
cathodic protection Cumberland installed 
anodes of iron mounted on insulated sup- 
ports in the water boxes of the condenser. 
By means of direct current from a dynamo 
he caused current flow from the iron 
anodes through the sea water to the sur- 
faces to be protected. 

The Kirkaldy system was similar to the 
Cumberland system and was based on the 
idea that any metal which was made suffi- 
ciently cathodic to eliminate all local vol- 
taic or galvanic couples would neither cor- 
rode nor permit scale to develop. 

Within the last two decades cathodic pro- 
tection” has been used for underground 
pipeline corrosion control and has probably 
attained its greatest commercial applica- | 
tion in this field, particularly in the pe 
troleum and natural gas industries. 

Although the art of cathodic protection 
is quite old, its practical application has 
until recent years outdistanced the funda- 
mental engineering data available for de- 
sign. In order to properly design a cath- | 
odic protection installation it is necessary 
to thoroughly understand the corrosion 
mechanism itself, the factors in the corro- 
sion environment which: govern current 
density requirements, the fundamentals of 
electrode materials and design, the econ- 
omic considerations involved in the initial 
and operating costs, sources of potential 
for motivating current flow to the sub- 
merged metal surfaces and hazards of the improper use of 
electric current. These are only a few of the considerations 
involved in the engineering design of a cathodic protection in- 
stallation for a particular corrosion problem and indicate that 
this work should be done only by engineers experienced in the 
application of cathodic protection. 





Corrosion Mechanism 


In order to visualize the manner in which a current flow 
through the corroding media (water) to a steel surface will 
protect the metal, the mechanism of electrochemical corrosion 
should be considered and particularly the factors governing the 
rate of corrosion. 

The localized type of attack illustrated by the development of 
pits on freely corroding steel surfaces exposed to aerated natural 
waters (Fig. 2) has been shown to be related to the flow of 
current resulting from differences in the tendency for the metal 
to enter the solution in contact with it. Non-uniformities of the 
metal surface or of the solution in contact with the metal can 
cause these differences in potential. In practice (1) differential 
thermal treatment, (2) localized failures of the protective oxide 
film, (3) differential concentration or nature of the corroding 
media, (4) differential aeration and (5) dissimilar metals gen- 
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Fi reely Correding 








Protected a) 





Appearance 
Sefore Cleaning 





Appearance 
After C leaning 











Fig. 2—Freely Corroding and Cathodically Protected Test Specimens from a Dorr 
Clarifier. (Left—Freely corroding pieces before and after cleaning ; right—protected 
pieces before and after cleaning. Note chalky deposit on plate J before cleaning. 
Vote pitmarks on plate N after corrosion products seen on plate G had been removed.) 


erally determine the location and intensity of the corrosion 
current.° 

The electrochemical theory of corrosion proposed in 1903 by 
W. R. Whitney’ has become the basic concept of most corrosion 
phenomena in electrolytes. He associated corrosion with the flow 
of electricity resulting from the loss of two electrons by each 
iron atom leaving the crystal lattice of the metal and entering the 
solution as a ferrous ion at the anodic or most electronegative 
areas on the metal surface. 

[Fe° — 2e —> Fe*+] 

This equation pictures the solid metal going into the soluble 
state involving ionization. 

At the cathodic or less electronegative areas, the electrons (e) 
released by this process are accepted by an equivalent number ot 
hydrogen ions at the metal-solution inter-face where they are 
reduced to hydrogen atoms. By reducing the hydrogen ions to 
hydrogen atoms at the more cathodic areas the hydroxyl ions, 
which result from the dissociation of water, concentrate there 
and increase the pH. 

(1) 2H20 => 2H* + 20H- 
(2) 2H*+ + 2e > 2H° 

This process if undisturbed develops sufficient counter potential 
(polarization) on the cathodic areas in airfree neutral waters, 
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to stifle further deposition of hydrogen ions and in turn retard 
solution of metal at the anodic areas. 

This mechanism can be illustrated by observing the surface 
of a steel plate (Fig. 1A) submerged in a quiescent distilled 
water solution containing sodium chloride and a modified “fer- 
roxyl indicator” solution. The “ferroxyl indicator” solution con- 
sists of potassium ferricyanide and phenolphthalein. 

The anodic process is shown by the formation of a blue floc 
(Prussian blue) resulting from the reaction of the ferrous ion 
and the potassium ferricyanide. This blue floc is essentially the 
corrosion product (rust) forming when the pitting action is 
taking place. The amount of tuberculation or rust, which is 
much more voluminous than the metal from which it was formed, 
is equivalent to the iron atoms which have left the metal structure 
and entered the corroding media in the form of ferrous iron 
(Fe**). 

The cathodic processes occurring over most of the metal sur- 
face are shown by the development of red color with the phenol- 
phthalein indicator. No blue floc is found on these areas, indi- 
cating that there is no loss of metal at such points. 

Thus the freely corroding metal surface in contact with the 
corroding media may be pictured as consisting of many irregular 
shaped and spottily distributed areas at which metal wastage 
is occurring, while the remainder of the surface is free of attack. 
The flow of current from the local anodic areas through the 
corroding media is essentially supplying a degree of natural 
cathodic protection to the rest ef the exposed surface. The 
magnitude of the corrosion current and in turn an equivalent 
amount of metal wastage at the local anodic areas, is governed 
by the rate of depolarization occurring on the cathodic surfaces. 

Unfortunately in the case of iron and most other metals, there 
are processes and acceptors (depolarizers) for the electrons 
released by the anodic process which do not permit the more 
cathodic areas to polarize to the open circuit potential of the 
anodic areas. Hadley* has enumerated five cathodic processes 
which may govern the rate of electrochemical corrosion. The 
first three are well known and may be observed to varying 
degrees in natural waters. 

1. Combination with dissolved oxygen. 

[H-OH + 140: + 2e -> 20H-] 
2. Depolarization by agitation or bubbling off of hydrogen. 
[2H+ + 2e — 2H° —> He] 

3. Direct chemical combination with the electrolyte or salts, 

for example the reduction of f ferric ions to ferrous ions. 
[2Fe*++ + 2e —> 2Fe++] 

4. By entering into the metabolic processes of certain anae- 
robic bacteria. 

5. Combination with the products of microbiological metabolic 
processes. 

The last two methods mainly occur in airfree soils and waters. 
Fig. 3 was developed by W ilson' in 1923 to indicate the relative 
influence on the corrosion rate of iron by the pH and dissolved 
oxygen concentration of the water. 
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From this it is evident that the corrosion rate in natural waters 
is governed mainly by the dissolved oxygen depolarization proc- 
ess, although it is known that the hydrogen evolution proces; 
occurs simultaneously. 

For all practical purposes the rate of corrosion represented by 
hydrogen evolution is not significant in the absence of dissolved 
oxygen until the pH is less than 5.0 at normal temperatures. 

When the acidity of the electrolyte drops below pH 5.0, the 
hydrogen ion pressure is sufficient to overcome the hydrogen 
overvoltage at the metal surface and cause marked evolution of 
hydrogen gas. This is the acid type of attack. 

To further illustrate the key part that dissolved oxygen (Oz) 
plays in the rate of corrosion in neutral waters,” it has been 
noted that with all other conditions equal the corrosion rate of 
iron increases linearly with the dissolved oxygen concentration up 
to 5.5 cc. per liter. 

Current Density Requirements 


Although an excessive current density will not prove to be 
harmful to iron as it does to the more amphoteric metals such as 
aluminum,” the cost of the original installation and of operation 
dictate that the minimum current density requirements be estab- 
lished for complete protection against the corrosion environment 
being encountered. 

Current density requirements for any corrosion problem have 
been generally chosen on a “rule of thumb” basis, which the 
worker may feel is adequate for a specific type of problem. Davy’ 
indirectly established the minimum current density requirements 
for the protection of copper against sea water by observing that 
the ratio of copper to zinc must be less than 150 to 1 to obtain 
complete protection. 

An examination of the literature on cathodic protection indi- 
cated current density requirements ranging from 0.3 to 60 mille 
amperes per sq. ft. for the protection of iron against various 
water solutions. Generally very little thought has been given to 
the factors which may cause this wide variation in current density 
requirements. 

Clement and Walter” in some of the first fundamental work 
done on cathodic protection established two conditions affecting 
the c.d. requirements for the protection of steel against O.01N 
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Fig. 4—Results of a Current Density Dis- 
tribution Study Revealing Facts Contrary 
to Expectancy. 
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First, they observed that the current density requirements in- 
crease with increasing dissolved oxygen concentration. 

Secondly, with all other conditions being equal, increasing the 
stirring increases the current density requirements. 

These observations may be visualized more readily if we con- 
sider the presence of a stagnant layer of solution existing at the 
metal surface. This stagnant layer (Fig. 1A and B) acts as a 
barrier to the diffusion of dissolved oxygen from the bulk of 
the water to the metal surface. If we increase the dissolved 
oxygen concentration in the water we increase the number of 
oxygen molecules reaching the metal surface. By increasing the 
temperature or the velocity of the corroding media next to the 
metal surface we reduce the effective thickness of the diffusion 
layer and increase the rate of oxygen diffusion. 

Since the rate at which dissolved oxygen reaches the cathodic 
areas through the diffusion layer governs the rate of metal 
wastage in natural waters, we can see that the superimposed cur- 
rent from an auxiliary anode (Fig. 1B) required to retard the 
rate of corrosion at the natural anodes will also be influenced 
by the dissolved oxygen concentration and the factors controlling 
the effective thickness of the diffusion layer. 


Work done by the writer has indicated that in quasi-stagnant 
corrosion media of water containing less than 1.0 ppm. of dis- 
solved solids, 0.1 N and 1 N NaCl solutions, with controlled 
oxygen concentration in the bulk of the media, the current density 
requirements for complete protection vary directly with the dis- 
solved oxygen concentration and is relatively independent of the 
salt concentration. 


The Effects of Calcium and Magnesium Salts 


The degree of lime saturation of the natural water markedly 
affects the current density requirements for metal protection. A 
high degree of lime saturation in a water, as shown by the 
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Fig. 5—Experimental Arrangement in a Study of Current Density Distribution in 


Tubes and Elevated Tank Risers. 
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A Oommeter 


Langelier Saturation Index, inhibits the corrosion process, This 
is true because the smallest natural corrosion current develops 
sufficient alkalinity on the cathodic areas to precipitate a deposit 
of CaCQOs from this water, increasing the effective thickness of 
the diffusion barrier and in turn reducing the amount of oxygen 
reaching the cathodically active points on the submerged metal 
surface. However, the saturation of a water with calcium car. 
bonate and a pH of 10.3, such as that found in the water jp 
contact with the freely corroding specimen (Fig. 2) should not 
be relied upon alone to completely stifle the corrosion process jn 
the presence of appreciable amounts of dissolved oxygen. 

The ordered reduction of the hydrogen ions and the migration 
of the cations such as Cat*+, Mg*+ and Nat to the protected 
cathode surface when projected current is applied, produces a 
highly alkaline film at the metal surface which is indicated by 
the red color developing when the “ferroxyl indicator” is used 
(Fig. 1B). The calcium bicarbonate Ca(HCOs)2 and/or mag- 
nesium ions in the bulk of the water coming in contact with the 
highly alkaline solution developed at the boundary of the diffy- 
sion layer precipitates calcium carbonate (CaCOs) and/or Mg 
(OH). at the metal surface. This often appears as a chalky 
coating on a protected metal surface. [Note uncleaned protected 
specimen, Fig. 2.] 

Even waters with very little Ca( HCOs)2 and magnesium ion 
will deposit a CaCos and/or Mg.(OH)s film providing the cur- 
rent density being applied produces a sufficiently high alkalinity 
at the metal surface. 

From the foregoing it should not be assumed that cathodic 
protection is entirely dependent on the presence of calcium and 
magnesium salts in the water for effectiveness. The writer has 
protected steel surfaces immersed in aerated water containing 
less than 1.0 ppm. of dissolved solids. Clement and Walker” 
and U. R. Evans” have protected steel cathodically against dilute 
acid solutions. The advantage of calcium and magnesium salts 
in water is that the current density requirements for complete 

protection are lower in their presence and 
consequently make for greater economy of 
process. . 


The Effect of Protective Coatings 


Paint and asphaltic coatings, even though 
they may be in a very poor condition, will 
reduce current density requirements since 
they are effective diffusion barriers and by 
the electrical resistance of their films con- 
centrate the flow of current to points of 
film failure where the metal is exposed. 
Experience in the application of cathodic 
protection to underground pipelines has 
shown that the condition of the protective 
coating markedly influences the current 
density requirements. 

Since the natural. corrosion current is 
governed by the depolarization rates oc- 
curring on the more cathodic areas of the 
steel, the projection of an applied current 
from a submerged auxiliary anode to the 
metal surface will reduce the current leav- 
ing the local anodic areas on the steel. In- 
creasing the applied current reduces the 
local current flow until the “protective cur- 
rent density” is reached, at which point all 
local corrosion currents have been stifled. It 
has been observed in 1N salt solutions that 
the potential of the steel does not change 
until the “protective current density” is 
reached, since the freely corroding steel 
surface potential is governed by that of the 
cathodic areas and the actual current den- 
sity flowing to the cathodic areas has not 
been altered up to this point. Instead of 
supplying the current from the local anodes 
on the metal surface it is now supplied 
from the auxiliary anode in the corroding 
media (Fig. 1B). Above the “protective 
current density” the potential’ of the 
specimen behaves similarly to a- hydrogen 
electrode. Ewing has shown that a meas- 
urement of the metal potential alone is not 
a criteria of protection. 


M. DeKay Thompson’ has observed that 
the degree of protection of steel surfaces 
in NaCl and NaeSO, solutions by an applied 
current is directly proportional to the cur- 
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rent density applied up to the “protective current density.” This 
suggests that the use of insufficient amounts of applied current 
for complete protection are still of benefit since it will tend to 
reduce the local corrosion currents in any event. He also observed 
that in the same environment the current densities required to 
protect cast iron as against steels did not differ markedly. 

It should not be assumed from the foregoing that the required 
current density for protection is just equivalent to the natural 
corrosion current represented by the metal wastage. There are 
many factors which do not permit this assumption to be valid. 
One of these may be visualized if we consider the cathodic 
areas in natural corrosion to represent only a portion of the 
exposed surface. When an applied current is used some of it 
flows to the areas which were anodes in normal corrosion. Often 
it is the case that many times the natural corrosion current 
must be applied from the auxiliary anodes to completely stifle 
the corrosion process. 


Anode Design 

The criteria of good anode design is the proper distribution of 
the current density, long anode life and the establishment of a 
low resistance through the corroding media between the anode 
configuration and the surfaces to be protected. It may be thought 
that the centering of an anode in a water tank with a flat bottom 
would provide a uniform current density to all surfaces which 
are equidistant from the anode. In the slightly more complex 
case of an eccentrically placed anode in a steel cylinder with a 
conducting floor (see Fig. 4) the current density distribution 
determined experimentally by the writer does not substantiate 
this thought. [The current density distribution was obtained by 
a probe technique developed by the writer.* Also, this probe 
technique has been employed to study the current distribution 
over the surfaces of complex structures from an operating cath- 
odic protection installation, such as a Dorr clarifier mechanism. | 

In order to picture the distribution of current in condenser and 
hoiler tubes, pipes or in elevated tank risers, a test assembly 
(Fig. 5) was constructed of sections of pipe insulated from 
one another. Conductors led from each section were grounded 
to the tank which represented the water hox of a condenser, 
drum of a boiler or bowl of an elevated tank. The current density 
on any section could be determined by dividing the current 
measured flowing to the section in question, by the surface area 
of the section. Table I illustrates the current density flowing to 
each section from a centered 3/16-in. diameter electrode extend- 
ing to the bottom of the fifth section using a 5 per cent NaCl 
as the electrolyte. (See Fig. 5.) 


TABLE I 


Section Current Density (Average) 
1 4.3 micro amps/sq. cm. 
2 4.0 - 
3 4.5 
} 4.0 
5* 4.0 . 
6 0.5 ” 
7 0.2 se 
8 0.0 - 


*Anode terminated in Section 5. 

These data indicate that the current distribution extends only 
a short distance from the end of an electrode within a cylinder. 
From this it may be concluded that the anode design should be 
made to properly distribute current without any reliance on the 
so-called “throwing power” of the current input. 

The ideal anode material would be one which resists deteriora- 
tion when current flows from its surface, is inexpensive, does 
not introduce deleterious products into the electrolyte, is mechan- 
ically strong, has a iow resistance and may be fabricated in 
sizes and shapes required to conform to the conditions encoun- 
tered. There is no perfect anode material for all problems and 
the conditions found in the application will dictate the material 
used. Amongst the materials generally considered are carbon, 
graphite, mild steel, chrome and stainless steels, duriron, alu- 
minum, zines, copper, platinum, gold, etc. 

The theoretical volumes and weights which will be lost by 
metals per ampere year of current flow are revealed in Table II. 
In the case of graphite the mechanical loss due to sloughing off 
of the particles of graphite are often much greater than the 
electro-chemical values would indicate. 


TABLE II 


Electrochemical Equivalents of Anodes 


Anode Sp. Grav. Lbs./Amp. Yr. Cu. in./Amp. Yr. 
aa ee 7.86 20.1 71.0 
EE Sssecoenae ge 2.26 2.2 27.0 
ME astcccdoatenninn 7.14 23.5 91.4 
ea 8.90 21.3 66.5 

6.4 65.7 


APUG oocccviase 2.702 


*Reported on in a paper presented by the author to the Fifth 
Annual Water Conf. of the Engineers’ Soc. of Western Pennsyl- 
vania, October, 1944.—Ed. 





Water Quality and Current Density 


A paradox found in the application of cathodic protection is 
the observation that for waters of high resistance (low solids 
content), higher current densities are usually required than for 
waters of low resistance. The implication of this thought may be 
gathered when we compare midwestern waters with a specific 
resistance of 1200 ohms per cm. cubed with that found along 
the eastern seaboard, whose specific resistance is often 20 times 
as great. For the same tank and electrode arrangement, 20 times 
the power consumption would be required to supply the same 
current to the eastern tank. A reduction in power consumption 
can be accomplished only by altering the “cell constant” of the 
electrode-tank configuration. This can be done by increasing the 
number and altering the spacing of the electrodes and/or in- 
creasing the ratio of the anode diameter to the tank diameter. 
For an anode centered in a cylinder,” the effect of the ratio of 
the anode to tank diameters upon the resistance may be predicted 
from the following relationship: 

2.303 [=| 
r log. —_ 


1 


Resist. = 





where 
r sp. resistance 
R: Anode diameter 
Re Cylinder diameter 


Part 1—Comments on the Practical Application of the 
Process 


| ORDER to mitigate the corrosion process of steel surfaces 

in contact with natural waters by cathodic protection, it has 
been shown in Part I that for each corrosion environment a 
certain “minimum current density” must be projected from an 
auxiliary anode configuration through the water to the surface 
to be protected. The “minimum current density” required to 
stifle the local corrosion currents on steel surfaces in a natural 
water environment is largely governed by the coloumb-second 
or ampere-hour effect occurring in the electrochemical reduction 
(a) of the dissolved oxygen reaching a unit area of the metal 
surface through the diffusion layer existing between the metal 
surface and the bulk of the water. 


(a) HOH + %0: + 2e —-> 20H- 


From these principles previously discussed it becomes apparent 
that the effectiveness of cathodic protection is independent of 
the source of the projected current so long as the amount is 
adequate. 


Sources of Protective Current 


The flow of protective current may be motivated in one of two 
manners : 


(1) Using a metal plate whose solution potential in the par- 
ticular corrosion environment is greater (more anodic) than 
that of the metal to be protected, a protective current can be 
produced. The potential difference between the two metals in 
the corroding media results in the flow of current from the more 
anodic or sacrificial metal through the solution to the metal 
surface being protected, if an electric circuit is provided between 
the metal being protected and the anode. An example of this 
method of corrosion control, which may be better described by 
the term “galvanic protection” rather than “cathodic protection” 
is the use of zinc plates coupled to steel surfaces. Metals such 
as cadmium, aluminum, and magnesium have also been found 
to have a protective effect when coupled with iron. Another 
example whereby the potential difference between two metals 
may be used to protect the less anodic metal was illustrated by 
Davy” when he used iron, which in most environments is anodic 
to copper, as a sacrificial anode to protect the copper sheathing 
of ships in sea water. [We are all familiar with the phenomenon 
occurring when iron is coupled with copper in aerated waters. 
The iron immediately adjacent to the copper is usually severely 
attacked, with the degree of attack on the iron diminishing as 
the distance from the copper is increased.] 


There-are two main limitations in the use of zinc plates or 
some of the other more anodic metals for providing the necessary 
“protective current density” on steel surfaces. Reviewing the 
electrochemical equivalents of metals in the first article of this 
series, it was shown that at least 23.5 pounds of relatively ex- 
pensive zinc would be consumed per ampere year if there were 
no other anodic processes occurring. This zinc consumption, 
resulting from a current flow of one ampere for one year to 
the steel surface, does not include the zinc loss occurring because 
of the local corrosion currents flowing over the zinc surface. In 
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Rectifiers 


The equipment most frequently selected 
for developing the external potential force 
for driving the current in the application 
of cathodic protection to pipelines and 
submerged steel structures is the dry type 














Rectifier. 


most cases experience has shown that the cost of zinc plates, 
which serve both as an anode and a potential force, is pro- 
hibitive. 

The shortcoming of this galvanic method is that the potential 
difference existing between the more anodic or sacrificial metal 
and the metal to be protected usually is not sufficient to over- 
come the resistance through the corroding media and supply an 
adequate current density to completely stifle the corrosion cur- 
rents over large areas. It has already been stated that the 
application of a current density below the “minimum protective 
current density” will give only partial protection. Because of 
the limited potential driving force available, complete protection 
usually extends only a few inches away from the zinc plates. 
Beyond the outer edge of the area, where complete protection is 
observed, the protective effect diminishes as the distance from 
the zinc increases because of the gradual decrease of the current 
density flowing to the surface of the metal being protected. 


(2) The second and most used method of projecting current 
flow from a properly designed auxiliary electrode configuration 
in the corroding media to the surfaces to be protected is with 
an external potential force which can be regulated to drive the 
current required for protection. 

The external potential force to be applied to the auxiliary 
anodes in the form of direct current can be developed by storage 
batteries, wet type rectifiers, dry type rectifiers, motor-generator 
sets, gas-engine generators and windmill generators. 


3ecause of the conditions met in the practical application of 
cathodic protection, the equipment selected for this purpose 
should have the following characteristics : low initial cost, require 
very little maintenance, have a high efficiency in the conversion 
of energy to the proper direct current, be easily adjustable to 
meet potential and current requirements of the corrosion control 
installation, be unaffected by weather and climate, attractive in 
appearance, operate continuously, etc. 








Fig. 7—Copper Oxide Rectifier Used in Cathodic Protection of Water Tanks and 


Sewage Plant Equipment. 
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ig. 6—Diagram of Simplified Cathodic Protection Circuit Utilising a Dry Type 





U rectifier. There are three well developed 
dry type rectifiers commercially available 
at the present time. These are generally 
referred to as copper oxide, selenium, and 
copper sulphide rectifiers. These rectifiers 
are dependent upon the electrical check. 
valve properties of certain metals for cop. 
verting alternating current to direct cur. 
rent. It has been found that the formation 
of copper oxide on one side of a copper 
disc of high purity, by controlled exposure to heat and air. 
creates a unique electrical check-valve property. By making an 
electrical contact to the metallic copper, and another through lead 
discs in contact with the copper oxide formed on the surface of 
the copper, it is observed that unidirectional current will ep- 
counter less resistance and flow more readily from the copper 
oxide film to the copper than in the reverse direction; i.e., from 
copper to copper oxide. Basically, the selenium and copper 
sulphide rectifiers function on the same principle as the copper 
oxide rectifier does. By using this check-valve property, rectifier 
stacks can be assembled for converting alternating current to 
unidirectional or direct current, using the full wave of the a- 
cycle. Fig. 6 is a simple diagram to show the position of the 
rectifier stack in the electrical system used in converting A.C. to 
D.C. for cathodic protection. 

A transformer having variable taps on the secondary winding 
is used to supply alternating current at the proper voltage for 
rectification. The a-c voltage applied to the rectifier stack is 
governed by the resistance to be overcome in the rectifier circuit 
and, more importantly, between the anodes and the surface being 
protected; so that an adequate current density is provided to 
stifle the corrosion currents on the steel in the particular environ- 
ment being encountered. 

Copper oxide rectifier stacks, which have been in continuous 
operation for more thari fifteen years, are reported by the manu- 
facturer to be functioning satisfactorily with very little drop in 
efficiency from that originally observed. The copper oxide and 
the selenium type rectifiers are somewhat more efficient in cur- 
rent conversion than are the copper sulphide rectifiers. Their 
overall efficiency, including the transformer when operating at 
rated capacity on full wave single-phase rectification, is in the 
neighborhood of 55 to 65 per cent, depending on the particular 
characteristics of the rectifying unit assembly. 

Over two thousand copper oxide rectifiers, some of which 
were installed more than six years ago, have been functioning 
continuously in normal operation with no 
breakdown of the rectifier stacks. Fig. 7 
illustrates a typical rectifier assembly in a 
weatherproof housing, used in the appli- 
cation of cathodic protection to steel water 
tanks. Usually these rectifiers are cooled 
by natural convection of air over their 
cooling fins, although fans are sometimes 
used on larger capacity units to reduce the 
size and cost of the rectifiers. 


Motor Generators 


Motor generators” are frequently used 
in converting A.C. to D.C. of the proper 
characteristics for cathodic protection. 
They are most practical when the output 
requirements exceed 3,000 watts. Because 
of moving parts, motor-generator sets re- 
quire considerable maintenance attention 
and necessitate proper housing for protec- 
tion from the elements. Motor generators 
are usually more efficient than the dry 
type rectifiers, but their original cost is 
greater than that of a dry type rectifier of 
equal capacity. 





Windmill and Engine Generators 


Windmill generators are sometimes used 
in pipeline protection where A.C. is not 
available. They are dependent on contin- 
uous wind velocities in excess of 5 mph. 
An electrical circuit has been designed” 
whereby storage batteries charged by a 
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windmill generator may be used to provide 
-urrent during periods of low or no-wind 
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Gas engine generators,” taking gas as a 
fuel from the pipeline being protected, are 
heing used on natural gas pipelines in 
regions where the wind velocity or con- 
stancy is not adequate for windmill gen- | 
erators and A.C. is not available for rec- | 
tifers. At sewage plants engine generators 
may well be considered because of the 
availability of by-product fuel in ample 
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quantity. 

Storage batteries, except as a supple- 
ment to windmill generators, or the wet 
type rectifier, are rarely used in cathodic 
protection practice because of their low 
efficiencies and high maintenance costs. 


Evaluating Protection 


Evaluating the degree of protection be- 
ing derived from any one of the four basic 
methods of corrosion control, including 
cathodic protection, is often complex, and 
such an evaluation should be made by a 
highly competent engineer experienced in 
corrosion. 

One can be guided by the principles of 
the electrochemical corrosion mechanism 
for evaluating the effectiveness of cathodic 
protection, which was discussed in Part I. 
There are two phenomena which in prac- 
tice characterize the corrosion of steel in 
natural waters; namely, the wastage of 
metal usually evidenced in the form of 
pits and the coincidental formation of rust 
or tubercles. 

It was noted that, in the corrosion proc- 
ess, iron atoms leave the crystal lattice of 
the metal surface and enter the natural 
water or other corroding media as ferrous 
ions. This process is physically shown by the development of 
pits on the localized anodic areas. The pitting type of attack is 
unfortunate, since many structures can no longer confine liquids 
when leaks develop even though more than 99 per cent of the 
original metal in the structure is sound and intact. On this 
ground, it becomes evident that the rate of attack or pitting of 
steel in localized areas is often more important than the total 
amount of metal lost. 


2 Weeks 





Rust and tubercles, the corrosion products familiar to every- 
one, are formed by the precipitation and oxidation of the ferrous 
ion introduced into the corroding media by the natural anodic 
processes occurring on the steel surface. This rust usually covers 
the pitted areas and is observed in many forms. In cases where 
the corrosion process is active, and is under oxygen control, a 
hydrated black ferri-ferrous oxide (magnetic in nature) is found 
in the bottom of the pits. As the outer surface of the corrosion 
nodule is reached, the dissolved oxygen in the water has con- 
verted the black magnetic iron oxide to the more highly oxidized 
form of iron, and is commonly seen as red rust or hydrated 
ferric oxide. 

The volume of rust created by the corrosion process which 
covers the pitted areas cannot be used as a basis for estimating 
the depth and amount of pitting, because the volume of the 
corrosion product (in situ), is usually many times as great as 
that of the metal from which it was formed. The volume of 
the corrosion product is governed by the manner and the environ- 
ment in which it was formed. 

In general, the effectiveness of any method of corrosion control 
can be established by comparing the rate of metal wastage, 
indicated by metal thickness measurements or by weight loss over 
a definite period of time, when the corrosion control system is 
being used against the raté of metal wastage in the absence of 
the particular corrosion control method. 


Determining the Effectiveness of Cathodic Protection 


Great care should be taken in the use of corrosion test speci- 
mens and interpretation of results therefrom, for evaluating the 
degree of protection being obtained. Unless the specimen is of 
the same metal, and has the identical surface condition found 
on the structure being protected, the same current density will 
not produce an identical protective effect on both surfaces. 
Secondary corrosion currents, resulting from the dissimilarity of 
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Fig. 8—Test Specimens Used to Study the Rates of Corrosion of Steel at Low 
Temperatures and the Effect of Ice Coating in Excluding Oxygen and Elimination 
of Corrosion Behind Ice Formations in Elevated Tanks or Standpipes. 


the test specimen and the surface of the structure being protected, 
will lead to erroneous results often unfavorable to the method of 
corrosion control being applied. 


Another condition to be met in the proper use of test specimens 
is that the specimens should receive the same current density as 
the wall being protected. This may be accomplished by coating 
one side of the specimen with wax and placing the waxed surface 
face against the wall. The author, in using this technique for 
current density distribution studies, found that the test specimen 
would receive within ten per cent the current density reaching 
an equal wall area having an approximately identical surface 
condition providing the potential drop through the current meas- 
uring device was compensated for by an opposing potential. Test 
specimens are usually compared with unprotected specimens in 
the same environment on the weight loss basis, since the depth 
of pitting characteristics on test specimens (sometimes called 
coupons) are rarely comparable to those found on the submerged 
structure. Test specimens, positioned some distance from the 
wall of the structure, will usually receive a higher current 
density than an equal area on the wall. This is true particularly 
in water tanks. Although test specimens have many limitations, 
they are helpful in establishing a general picture of a particular 
corrosion phenomenon. 

Measuring the depth of pits at intervals by means of a depth 
gage resting on corrosion-resistant permanently fixed pins, is one 
of the most satisfactory methods of establishing the degree of 
protection obtained, providing the cathodic film around the pit 
is not disturbed. By disturbing the cathodic layer of calcium 
carbonate, rust, etc., around the pits, a higher current density 
will be required to stifle further progress of the corrosion 
process. Therefore, if a corroded tank is cleaned a larger cur- 
rent input will be required in the early stages to stop the cor- 
rosion which would otherwise be accelerated. 

Complete protection of a new uncorroded surface is established, 
if pitting or the accompanying formation of rust is not observed. 

The formation of a white deposit consisting mainly of calcium 
carbonate on the metal surface by the application of cathodic 
protection is usually clear-cut evidence that the corrosion process 
has been stifled. The loosening of previously adherent rust and 
tubercules by the formation of alkali and/or the evolution of 
hydrogen gas between the rust and metal surface, when a current 
density greater than that required to reduce the dissolved oxygen 
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exception tank bottoms which have had to 
be replaced on account of leaks through 
the steel have corroded through from the 
inside.” From these statements it js ap- 
parent that the inner submerged surfaces 
will demand greater attention insofar a. 
corrosion control is concerned than the 
outside. It has been the author’s expe- 
rience in examining many tanks that the 
bowls of elevated tanks and the floors of 
standpipes are usually attacked much more 
severely than the vertical walls are. This 
may be accounted for by the localization 


— of attack on areas under insoluble sys. 


pended matter which has settled on the 
horizontal or inclined surfaces of the tank. 
For example a leaf covering an area on 
the floor will cause pitting underneath it, 
since the leaf masks this area from the 
dissolved oxygen in the water. The areas 
around the leaf will be more accessible to 
the dissolved oxygen in the water and will 
become the cathode of the oxygen differ- 
ential concentration corrosion cell, where 
the depolarizing process controlling the 
rate of corrosion will take place. Unre- 
lieved stresses resulting from the fabrica- 
tion of the floor plates may also cause cor- 
rosion cells. 


For more than eight years cathodic pro- 
tection has been extensively applied in the 
mitigation of corrosion of tank surfaces 
in contact with corrosive waters. Expe- 
rience and considerable fundamental re- 
search conducted during this period has 
shown that the mere installation of an 
anode from which current flows according 
to an arbitrarily chosen fixed current den- 








reaching the metal surface is applied, also indicates protection. 
Often this old corrosion product will be loosened and then slough 
off the metal surface by its own weight. In the author’s opinion, 
however, this rust layer, if it is continuous over the metal surface, 
is an effective cathodic layer and will decrease the current den- 
sity requirements for complete protection. It is therefore a 
waste of effort and money to clean the walls of corroded tanks, 
etc., before applying cathodic protection. 


“Null” and other electrical methods” have been developed 
whereby changes in metal potential, measured against a standard 
reference cell with varying projected current densities, may be 
interpreted to indicate the “minimum current density” require- 
ments for complete protection. Although these techniques are 
intricate, in recent years they have been widely used in evaluating 
current requirements for pipe-line protection. 


Ewing™ has found that applying a current density sufficiently 
great so that an arbitrarily selected potential on a metal surface 
in respect to a reference electrode is reached, is not always a 
criterion of complete protection. 


Cathodic protection cannot be expected to replace metal already 
lost by the pitting action or to cause rust formed before the 
application of cathodic protection to vanish. The main purpose 
of this method of corrosion control is to retard the rate of attack 
so that the useful life of the structure being protected will be 
extended beyond that which can be realized by other means of 
corrosion control. The reading of an ammeter on a rectifier 
should not be used as a criterion of protection 


In the protection of petroleum and natural gas pipelines, which 
have been installed for some time prior to the application of 
cathodic protection, a comparison of the leaks found each year 
hefore treatment against the number occurring after cathodic 
protection is applied has provided a very satisfactory way in 
establishing the value of cathodic protection. 


Water Tanks 


In tentative specifications on the maintenance of elevated steel 
tanks and other water storage tanks, prepared by a committee of 
the A.W.W.A. in 1943, it is stated: “Experience has shown that 
in practically all ‘cases the inside surfaces of a water storage 
tank are in worse condition than the outside. Almost without 
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A Comparison of Overall Costs of Cathodic Protection 
terior Tank Surfaces During a 24-Year Period. 


sity constant usually will not provide satis- 
factory protection. In each tank the cor- 
rosion problem is unique and the engineer- 
ing design of a proper cathodic system de- 
mands an accurate interpretation of the 
the corrosion environment. Some of the fundamental factors 
influencing current density requirements and anode design are 
discussed in the first article of this series—see Part I. 


vs. Painting of In- 


Some Case Histories 

A practical example of the effectiveness of cathodic protection 
is illustrated by an installation in a 100,000-gallon elevated tank 
with an ellipsoidal bottom in Dayton, Ohio, which was built in 
1931. The tank was initially painted with one shop coat of red 
lead and then covered with a field coat of red lead after erection. 
The tank water level was automatically maintained with a fluc- 
tuation of about two feet between high and low water. In 1939 
several leaks developed in the bowl of the tank resulting in the 
need for immediate repair. The leaks and most of the pit 
depressions were repaired by welding. The AWWA specifica- 
tions” previously mentioned state that “such a leak indicates that 
the entire bottom may be thin and other leaks may soon appear. 
The use of welding to patch such leaks is of very doubtful 
economy as the heat of welding very often is the cause of new 
leaks. Even if a considerable area is welded, it may be but a 
short time after such repairs are made before new leaks appear.’ 

After repairing the tank bowl in 1939 a cathodic protection 
system was designed and installed in this tank. An examination 
of the tank bowl, vertical walls and riser, in the summer of 
1944, showed these surfaces to be in very good condition and 
that the tank should serve without further repair for many 
years. This particular corrosion problem was extremely inter- 
esting since the water confined was from a deep well source con- 
taining very little dissolved oxygen and apparently having salts 
in amounts characteristic of the deep well waters in this mid- 
western area. However, the dissolved oxygen concentration in 
the bowl of the tank increased because of contact with the air 
surface, as will be noted in the analysis below: 


Deep Well Water “A” 


DMS. sid incetepiwens awakened KeeeiatOeeusaeeestdeaks 21 ppm. 
Ci CRD cctv ec ckceeh mekeh Oech ehbee neue cneeenes 93 ppm. 
ree re rT Tere 31 ppm. 
Pe CE code die cb db cece eb S anes ce ee eknkes wes ene 9 ppm. 
Bicarbonate alk. A ea a ee ee ee ppm. 
i EERE SE ae ese ne ae 72 ppm. 
ee ce eee eRe Deo A EWR RASS KORE S OER 20 ppm. 
Tes BS GW Gis 6 kn ccc cnidewareectsevedes 360 ppm. 

RS eR ee ener et rr ee 7.3 ppm 


28 ec. /liter 
Dissolved O. in water in bow! of tank.............. 3.6 ec./liter 
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A relatively low current density in this case proved to be 
adequate in retarding the progress of further corrosion and to 
form a white deposit on the submerged metal surface through 
the interaction of the Ca(HCOs). in the bulk of the water with 
the highly alkaline layer on the metal surface produced by the 
ordered reduction of the hydrogen ions and the dissolved oxygen 
reaching the metal surface by the protective current flow. Be- 
cause of the absence of appreciable amounts of incrusting salts 
in some waters, a higher current density would be required than 
was applied in the previously described case. 

The dissolved oxygen concentration usually is not uniform 
throughout a tank. Studies made by the author on many tanks 
have generally indicated that with water supplied containing a 
low dissolved oxygen concentration, the concerftration of dis- 
solved oxygen in the tank will decrease with the depth from the 
surface, whereas in tanks supplied with water having a high 
dissolved oxygen concentration, the oxygen concentration will 
increase With the depth from the surface. This variation in 
oxygen concentration may affect the intensity of corrosion in 
the tank at different depths and will affect the current density 
requirements for complete corrosion control on these areas. 


There are three factors which govern the dissolved oxygen 
content in the water throughout the tank and probably account 
forthe above observations. 

1. Oxygen from the air will tend to enter the water through 
the water surface-air interface.“ The amount of oxygen dis- 
solved will be governed by surface area, temperature, movement 
of the bulk of the water, the oxygen already in the water, etc. 

2. Oxygen already in the water will be consumed by the 
corrosion current or if cathodic protection is applied by the 
projected current, i.e., reduction of the O, reaching the metal 
surface to hydroxyl ions according to the reaction shown early 
in this article. Aerobic micro-organisms in the water will tend 
to consume dissolved oxygen. This behavior of the micro- 
organisms has been demonstrated by the absence of dissolved 
oxygen in sea water“ at great depths and in the far ends of 
water distribution mains. 

3. The other factor governing the variation of the dissolved 
oxygen concentration throughout the tank is the displacement 
phenomenon which occurs when water enters or leaves a tank. 
On a humid summer morning one will note, as water is being 
pumped into the tank, the formation of a distinct boundary ring 
helow which condensation occurs. This ring creeps up the tank 
wall as the tank is being filled, indicating a distinct line of 
demarcation between the bulk of the water already in the tank 
and the cooler incoming water. The author has observed this 
phenomenon on the risers of elevated tanks and on the walls of 
standpipes whose diameters have often exceeded 100 feet. 

In some cases where the incoming water is very corrosive 
because of a high oxygen concentration, anodes should be pro- 
vided in elevated tanks to protect the riser. The author in Part I 
has shown data indicating that only a very small current density 
would reach the riser walls from anodes suspended in the bowl 
of the tank. An anode extending the full length of the riser is 
often required to satisfactorily protect the riser. 

\ great deal of emphasis is usually placed upon the corrosion 
occurring on the intermittently submerged surfaces of a tank. 
Studies made by the author on a midwestern elevated tank 
indicate that cathodic protection will cause deposition of CaCOs 
and/or Mg(OH)s on these surfaces during submergence and 
that this deposit will effectively protect the surface during the 
period of atmospheric exposure.” In waters from which it is 
difficult to deposit protective scale-forming salts, protection will 
be obtained only when the surface is submerged and an adequate 
current density reaches the area. On re-exposure to the air in the 
absence of an insoluble salt coating corrosion can proceed. How- 
ever, the corrosion rate during the period of exposure to air is 
usually negligible compared to that which would occur if the 
area is submerged in the absence of cathodic protection. In 
practice it is recommended that the inside of the roof and the 
wall of the tank be painted down to the mean water level when 
cathodic protection is applied. The author has already stated 
that attack on the floor of a tank is usually more severe than 
that found on the intermittently exposed surfaces of the tank. 
Therefore, any effective cathodic system must be designed and 
operated so as to insure maximum protection for the tank bottom 
and riser pipe. 


Ice Interference 


In the engineering design of a cathodic protection system some 
consideration must be given to the formation of ice within water 
storage tanks and other submerged structures. Ice formation in 
water tanks is commonly found along the northern fringe of the 
United States and in Canada where the mean temperature is 
far helow freezing for many months. This ice generally starts to 
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form on the submerged walls of the tank and finally bridges 
across the surface of the water. Peak thicknesses of 7 to 8 ft. 
of ice along the tank wall have been reported in Montreal,” 
although thicknesses of 1 to 3 ft. are more common in the 
United States. The formation of ice in tanks is influenced by 
the mean temperature outside, frequently of water change in 
tank, temperature of water in supply system, heat dissipating 
surface area vs. tank volume relationship, tank covering, location 
insofar as wind protection, etc. A change in any one or all of 
the previously mentioned factors may account for formation of 
ice in one tank, whereas a short distance away in another tank 
little or no ice formation is encountered. 

When the ice formation begins to melt, its behavior is not 
predictable. Often in breaking up, cakes of ice drop from the 
walls into the water, sink deeply and then float to the surface. 
In some cases the intact ice wall may ride up and down the 
inner tank wall like a piston with changes in temperature and 
of the water level. Cases have been reported where the upper 
edge of the ice cylinder will extend several feet above the rim 
of an open top tank. The movement of the ice tends to scrape 
the inner wall of the tank, scoring any protective coating. The 
scoring of a paint film will tend to hasten corrosion and require 
yearly patch paint application for satisfactory protection. This 
painting must be done as soon as the ice has melted since the 
most rapid corrosion on the exposed areas will usually occur 
during the summer. 

Since it is common practice to suspend the anodes used in the 
application of cathodic protection to water tanks from supports 
above the surface of the water, it becomes evident that the 
shifting of ice in the tank may in some cases break or bend the 
anode assembly. 

Much thought has been given to the most satisfactory pro- 
cedure in applying cathodic protection where ice is prevalent. 


Temperature and Corrosion Rates 


A study of the influence of the formation of ice upon the 
corrosion rate of steel is most helpful in establishing the need 
for cathodic protection during the freezing period. In order to 
demonstrate this, the author placed two weighed hot rolled steel 
specimens 4-in. x 2-in. x 1/16-in. in a .01N KCl solution at 75° 
F., 35° F., and frozen in the solution respectively for two weeks. 
Fig. 8 reveals the results. 

The .01IN KCI (potassium chloride) solution used in this study 
being in contact with air, was extremely corrosive. The weight 
losses of the two specimens under each of the, three conditions 
of temperature noted above are as follows: 


Original Final Weight Loss 
Specimens Wt., Grams Wt., Grams Grams Temperature 
A-12 60.1546 59.9557 0.1689 75° F. 
A-13 60.1574 60.0009 0.1565 75° F. 
B-14 60.6673 60.5576 0.1097 35° F. 
B-15 60.5917 60.4836 0.1081 35° F. 
C-16 60.3867 60.3865 0.0002 Frozen 
C-17 60.1246 60.1240 0.0006 Frozen 


The rust formed by the attack on specimens A and B may be 
noted by the presence of nodules of corrosion product along 
the edges of the specimens and the dark precipitate lying on 
the bottom of the glass vessels. The uneven surface of the ice. 
accounts for the shadows showing on specimens C. Specimens C 
were quick frozen in the .01N KCl solution and no corrosion 
product was noted at the end of the two-week test period. 

Even though the solubility of oxygen from the air was greater 
in the solution around specimens B at 35° F. than in the solution 
around specimens A at 75° F., the corrosion rate was greater 
on the latter specimens. This illustrates the influence of the 
temperature upon the effective thickness of the diffusion layer 
and the corrosion rate. Speller’ has shown that the corrosion 
rate in an air saturated solution increases with temperatures up 
to about 80° C. Above this temperature the reduction of oxygen 
solubility in an open top vessel with increasing temperature 
becomes more apparent in its effect in the reduction of the cor- 
rosion rate, so that at the boiling point the corrosion rate is 
essentially zero. 

The extremely high electrical resistance of ice, and its low 
fluidity which retards oxygen diffusion, results in a very low 
rate of corrosion attack of the steel coated with ice. From the 
demonstration it may be concluded that the progress of corrosion 
is negligible when the submerged surfaces of a steel structure 
are covered with ice. 

In practice this is helpful since the anodes can be removed 
just before ice forms and reinstalled as soon as the ice melts 
to provide protection during the period that the metal is in 
contact with a corrosive water. 

In order to eliminate anode removal and replacement each year, 
heated anodes are being considered along with anodes supported 
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from the floor of the tank below the ice. However, the use of 
these ideas is governed by peculiarities of the ice formation and 
operation of each tank. 


Economic Considerations 


The prime purpose of any method of corrosion control is to 
obtain the maximum useful life and the most satisfactory service 
from the structure being protected at the lowest overall cost. 
Failure to properly protect the submerged surfaces of a structure 
such as a water tank will in many cases result in a much greater 
depreciation rate of the tank than was anticipated at the time it 
was purchased. The financing and operating problems incurred 
by the need for early replacement or repair of the tank structure 
should be guarded against by a planned tank protection program. 

The need for a planned corrosion control program applied to 
water storage tanks is illustrated by a statement found in an 
AWWA committee report.” “Such a leak may ordinarily exist 
only in the case of a very old tank or one which has not been 
cleaned or painted on the inside for about twenty years...” The 
author has previously discussed a tank which had leaks develop- 
ing within eight years after erection. Other tanks, which are 
unprotected, depending upon the corrosion environment and op- 
erating conditions, may operate for more than twenty years with- 
out the development of leaks. 

With a soundly planned corrosion control program, the life 
of a water storage tank should be extended to at least fifty years 
and even longer. Although there are always exceptions, it may 
be assumed generally that the depreciation rate of a water storage 
tank structure will be reduced from around five per cent a year 
to less than two per cent a year by the use of an adequate 
corrosion control program. 

In comparing the cost of painting the inside of a tank against 
the cost of cathodic protection, certain basic principles should 
be borne in mind. 

(1) Since a properly designed cathodic system will give com- 
plete protection of the submerged surfaces, its cost should be 
compared only against a painting cost in which the best type and 
grade of materials, labor and technique are used. This should 
include the proper cleaning of the surface by wire brushing, sand 
blasting or flaming before paint application; the best grade of 
red lead and cover coat paint; adequate drying time between the 
application of the first and second coats and the filling of the 
tank with water, and the proper application of the paint by a 
reliable painter. The protective value derived ftom a paint coat- 
ing applied to an improperly cleaned and prepared surface or 
the use of substandard grade paint and labor will not justify the 
expenses incurred. 

(2)- If paint is used it is recommended that the tank interior 
be examined annually,” particularly where ice formation is found, 
and any areas where failures have occurred in the paint film 
should be patched. Finally, when the paint film has generally 
deteriorated the entire surface should be properly conditioned 
and repainted. Experience of the tank manufacturers” has shown 
that repainting is usually necessary every three to five years. 

(3) Since the original cost of a cathodic protection system 
includes equipment such as a rectifier, wiring and other appur- 
tenances whose estimated life is twenty-five years, any compari- 
son of total cost of cathodic protection against painting should 
extend over this 25-year period. Experience during the past nine 
years has shown that the maintenance and operating costs of a 
cathodic protection system on water tanks, including anode re- 
placements and labor and power, rarely exceeds eight per cent 
of the original cost annually. 

Perryman™ has prepared valuable data which establishes a basis 
for estimating the cost of protecting steel tanks by various 
methods. In estimating painting costs he has developed a chart 
showing the gallons of paint required to cover the inside and 
outside surfaces of tanks of various sizes and uses, and employs 
a factor of four times the cost of the paint to be added to that of 
the paint in order to cover the cost of labor, a nominal amount of 
wire bushing, scaffolding, etc. The cost of applying two coats of 
paint to the inside of the tank is about equal to the cost of a 
cathodic protection system. However, when cathodic protection 
is applied, the cost of painting the inside of the roof of the tank 
and the side wall down to the mean water level should be added 
to the cost of the cathodic protection system. In many cases the 
inside surfaces above the mean water level have been painted 
without emptying the tank. 

Since the price structures change from time to time, the author 
has prepared Fig. 9 to illustrate the basic factors previously 
discussed which are involved in the comparison of the overall 
costs of protecting water tanks for a period of twenty-four years. 
The relative cost of painting every four years against the cost 
of cathodic protection is shown in terms of per cent, the cost 
of painting being 100 per cent. 
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Since cathodic protection can be installed and maintained ; 
service without draining the tank, a condition which js “a 
when paint is applied, the risk of being out of water in oan 
a fire or during peak load demand is eliminated. This oe . 
has not been evaluated but it can be visualized that under pons 
circumstances the cost of a cathodic protection system at 
paid for many times because the tank has remained in sery; 
during an emergency. ™ 

Another factor to be considered is that a paint film js 
completely effective as a corrosion barrier during all the eriod 
between paintings. As time goes by, the paint film begins ¢ 
fail so that at the end of three to five years a measurable amount 
of attack has occurred at the points where film has failed On 
the other hand the effectiveness of cathodic protection b on 
tinuous so long as the equipment is properly maintained. } 


Part IIl—Applications to Hot-Water Tanks, Clarifier 
Mechanisms, and Deep Wells 


Cathodic protection can be successfully applied to any steel 
structure submerged in natural water providing (a) the sub- 
merged surface contour of the structure lends itself to a Practical 
anode design for proper current distribution and (b) an adequate 
current density is used to stifle the corrosion currents which flow 
through the corroding media between local areas of differen 
potential on the surface of the unprotected metal. In addition 
to water storage tanks which: are usually simple geometrical 
structures, cathodic protection is being used on other more com. 
plex structures in contact with natural waters. Amongst these 
are hot water tanks; clarifiers; deep well column pipe and well 
screens and casings; open tank condensers”; revolving screen 
frames; sludge blanket filtration and Zeolite type softeners; etc. 
The protection of pipelines in contact with corrosive soils by 
means of a current flow projected to the exposed metal surfaces 
is accepted practice by all the major oil and gas companies and 
some industrial and municipal water systems.“ The rate of 
depreciation of many miles of pipeline, originally well covered 
with coal tar enamel or asphalt coating, where, after a few years, 
the number of leaks per mile occurring yearly as a result of soil 
corrosion, often reached prodigious figures, has been reduced by 
the use of cathodic protection. A relatively small expenditure 
for a corrosion survey by an expert corrosion engineer, cathodic 
protection equipment and electrical energy, on a pipeline ren- 
dered nearly unserviceable because of soil corrosion, will reduce 
to reasonable limits the nuisance and loss from frequent leaks, 
and the need for ultimate relaying of all or a portion of the 
pipeline. The application of cathodic protection to sewage equip- 
ment is a relatively new field in which much work is under way 
as recorded by Parkes® and Kozma.” 


The Hot Water Corrosion Problem 
and Cathodic Protection Experiences 


Hot water tanks, such as those used in domestic, institutional 
and industrial water systems, provide an excellent illustration of 
some of the corrosion fundamentals that must be considered in 
cathodic protection design. Frequently the only serious corrosion 
problem encountered in a municipal water system is that found 
in domestic hot water tanks. It has been reported that over 
500,000 domestic and commercial hot water tanks are replaced 
yearly in the U. S. because of corrosion. It can be seen that 
because of the magnitude of the problem those responsible for 
water systems are actively seeking methods for alleviating this 
corrosion. Many methods of corrosion control for hot water 
tanks have been tried and adopted. Amongst them are use of 
inhibitors; controlled lime saturation; deaeration; linings of 
cement mortar, glass, enamels or synthetic resin coatings; 
metallic coatings such as zinc, which often provide protection 
only for a limited period; and cathodic protection. 

\ general picture of the cause and characteristics of corrosion 
in hot water tanks using municipal water supplies may be 
obtained from a study of up-to-date power plant water condition- 
ing practice. In order to prevent corrosion in a boiler feed water 
system, the water before passing through the piping and stage- 
heaters on its way to the boiler is usually deaerated in a mechani- 
cal degasifier where the water is exposed to favorable tempera- 
ture and pressure conditions. Following this treatment sufficient 
sodium sulphite, or other oxygen scavenging chemical, is added 
to the water to reduce the traces of oxygen not removed by the 
deaerator. In spite of feedwater temperatures as high as 400° F., 
a pH as low as 6.5, the presence of dissimilar metals in heat 
exchangers, soluble salt concentrations ranging from 0.5-200 ppm. 
and the absence of scale-forming salts or inhibitors, the cor- 
rosion or pitting rate in feedwater piping, heat exchangers and 
tanks in the feed water system is negligible so long as the 
dissolved oxygen ts completely removed. Since microorganisms 
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contribute to the corrosion process in hot water tanks, 
other oxidizing agents or depolarizers usually are not 
preciable amounts in municipal water supplies, it 
hecomes apparent that the factor governing this corrosion process 
is the presence ol dissolved oxygen. At the present time it does 
not appear generally feasible to deaerate water distributed in 
municipal water systems because of the cost of deaeration, the 
ssibility of encouraging the growth of anaerobic microorgan- 
; and degradation of organic matter in the mains, and the 
presence of a flat taste found in the water when the soluble gases 
other than dissolved oxygen have been removed. 

In a sense cathodic protection may be likened to an electrolytic 
deoxygenation process concentrated immediately on the protected 
metal surface. This thought will be illustrated later on in this 
paper by the reduction of the concentration of dissolved oxygen 
in the water leaving the hot water tank compared to that entering, 
and without any wastage of the steel tank being noted. Speller* 
has used the “oxygen drop method” as a direct measure of the 
amount of corrosion which has taken place in a natural .water 
environment. By measuring the rate of flow and the decrease in 
oxygen content of the water leaving a certain section of the 
water system against that of the water entering, the amount of 
corrosion attack occurring in the section can be closely predicted. 
When properly designed cathodic protection is applied there is 
no metal wastage of the steel tank corresponding to the oxygen 
drop. It is evident therefore that the oxygen has been reduced 
without the flow of local corrosion currents on the metal surface. 
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Columbus, Ohio, Experiments 

During the past few years a number of hot water tank cor- 
rosion experiments have been conducted by C. P. Hoover of 
Columbus, Ohio. Amongst these tests, the objective being an 
evaluation of the many methods of corrosion control, was the 
application of cathodic protection to two of the battery of 30- 
gallon domestic hot water tanks. One of these two tanks was 
fabricated of black iron, the other of galvanized iron. The 
cathodic protection equipment for these tests, which began on 
June 9, 1941, and were completed on June 9, 1943, was provided 
by the E. R. P. Corp. The tanks were operated during this 
interval at a temperature between 140°-150° F. with ten gallons 
of water being withdrawn from each tank three times daily the 
first year and twice daily during the second year of the test. 
Treated Columbus city water used in this test is usually close 
to saturation with oxygen and has a positive lime saturation 
index. In the cathodic protection 0.6 and 0.35 amperes were 
applied to the galvanized and black iron tanks respectively. Fig. 
10 illustrates the anode position in respect to the tank. Average 
oxygen concentrations measured in the effluent of the galvanized 
and black iron tanks were 1.9 ppm. and 2.4 ppm. respectively. 
At the end of two years the tanks were cut open and inspected. 
The observations made were very interesting. In both tanks 
protection was complete to within ™% tank diameter below the 
anode. The protected surfaces were covered with a hard thin 
scale having the following analyses: 


Tank Deposit Composition 


Black Iron Galvanized 


Tank Tank 
OR re ee ee eee 3.9% 6.0% 
DE G6 ule iia Tee eedaset bates eawns a 4.7% 31.1% 
Dt cts chan aha ae ekiebe cane cet mnie 3.2% 10.4% 
esis atest wane eee aad 0.3% 0.1% 
TT Wd nd i Sade ad beh ea eh sa eeee 14.6% 3.5% 
DEE ci2eueid cue bhaas Keke eua re aaees 8.1% 0.8% 
re ee re se 2.9% 30.2% 
Dette LMRO—OOe. o icc caccccccscccs 11.0% 17.0% 


Below this line of demarcation a few pits on the lower 12 
inches and bottom of the tank were noted. On re-examining Fig. 
10 the reason for this phenomenon can be discovered. The prob- 
able current density distribution along the wall of the tank is 
indicated by distance of the c.d. (current density) line from the 
wall of the tank. It will be noted that the current density on 
the tank wall below the electrode decreases rapidly until it is 
no longer adequate for complete protection. Even so, partial 
protection is received below the region where the minimum cur- 
rent density requirements are being provided. The walls opposite 
the electrode received a much higher current density than was 
actually required for complete protection. 

Many objective studies of «cathodic protection on practical ap- 
plications such as this coupled with a basic background on the 
fundamentals of current density requirements and anode design 
now provide a more satisfactory treatment of this corrosion 
problem. For instance, the need for a longer electrode, to provide 
a more nearly uniform distance of current travel from anode to 
the surfaces, requiring protection, was illustrated in this test. This 
case further illustrates the importance of providing the proper 
current distribution which factor is influenced only by the poten- 
tial relationships existing between the electrode configuration in 
the corroding media and the submerged surfaces of the structure 
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being protected. It will be noted that neither galvanizing nor 
more treatment productive of a scale forming waters can be dez 
pended on to provide adequate protection where dissolved oxygen 
is present. Particularly is this fact evident where hot water cor- 
rosion is involved. 
Public Service Electric & Gas Company 

A cathodically protected 300-gal. hot water generating tank of 
14-in. steel plate at the Kearney, N. J., generating station of the 
Public Service Electric & Gas Co. has been previously reported 
on by E. H. Thwaits”“ of the Am. Iron and Steel Inst. The 
present tank was installed in April, 1942, to replace a tank which 
had been patched repeatedly because of leaks developing after 
but fourteen months of operation. In the heater tank 13.5 square 
feet of copper steam heating coils which are insulated from the 
main body of the hot water tank are located near the bottom 
of the horizontal tank. The area of the coils is adequate to heat 
the volume of water contained within the tank from 60° F. to 
180° F. in one hour. In the unprotected tank the pitting was 
found to be nodular at the top of the tank and, as the wall was 
examined from the top downwards, it was noted that the cor- 
rosion product oozing out of the lower nodular anodic areas 
streamed down the tank wall like a veil. Under this veil of 
corrosion product, which masks the metal underneath from the 
dissolved oxygen in the water, further pitting action was in- 
itiated. When the veil-like corrosion product was removed from 
the wall, long finger-like pits were revealed. The greater intensity 
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Fig. 1—Sectional Sketch of Cathodically 
Protected Domestic Hot-Water Tanks, 
Columbus, Ohio, Studies. 
(Adequate protection extended over the 
wall area below the terminal of the anode 
only for a distance of one-half the tank 
diameter—adequate proof of the need for 
effecting approximately equi-distant cur- 
rent travel from anode to the protected 
surfaces, if economically effective protec- 

tion is to result.) 
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of corrosion noted near the top of the tank probably can be 
accounted for by the turbulent effect created by the convection 
current rising from the heating coil striking the top and sweep- 
ing down each side of the tank. 

The water heated in this tank is Wanaque Reservoir tap water 
having the following analysis: 


Content ppm. 
SOMOUEEY DEUGMOES occ ccccececsseecsessecess 16.3 
ne En re 11.1 
GE DEED occceceesussceesecsese 61.5 
Se Se xi nvannedd0060snKscenes ance .86 
DEE. SCEECCRRST UH Ee Son edRaeeEseceecdeedesse 6.5 
DEE Sin Cesedas cane neneeeseereerecsaces asenee 6.0 
Sle hy EE -cncracdantecdebessedsssonsoeda 18.0 
pH—adjusted by treatment .............-.65: 8.8 


Starting in April, 1942, a c.d. of about 1 amp. per 2,000 sq. ft. 
was applied to this tank and no leak had developed after about 22 
months of operation. Although the progress of the corrosion 
process had been reduced below that which had been previously 
encountered since, it was clear that corrosion had not been com- 
pletely stopped as evidenced by the continued formation of rust 
and the presence of pits. In January, 1944, the current density 
was increased to 1 amp. per 750 sq. ft., but it was simultaneously 
revealed through research then being conducted at the Westport 
Mill of the Dorr Co. that even a higher c.d. requirement was 
indicated for this tank. In the spring of 1944 a larger rectifier 
was supplied in consequence and a current density of 1 amp. per 
35 sq. ft. (2.86 amps./100 sq. ft.) was applied. 

Three months later, upon re-examining the tank, the corrosion 
product was entirely removed and the surface of the tank was 
found to be coated with a light powdery-like deposit. The 
absence of active attack was striking. In December, 1944, the 
current density was reduced to 1 amp. per 70 sq. ft. (1.43 
amps./100 sq. ft.), and in view of the particular corrosion 
environment it is the author’s opinion that this c.d. will provide 
satisfactory protection. Tests made of the oxygen content of 
the water entering and leaving the tank were as follows: 

Water entering the tank, 13.95 ppm. O2 
Water leaving the tank, 5.85 ppm. O2 

Therefore, the reduction of dissolved oxygen content of the 

water occurring in tank was 8.1 ppm. 


Discussion 


In the absence of cathodic protection the actual metal wastage 
from the tank walls could be predicted from a consideration of 
the amount of water withdrawn and the reduction of the dis- 
solved oxygen content occurring within the tank. For example 
the reduction of 8.1 ppm. of dissolved oxygen in 300 gallons 
of water passing through the tank would represent the degrada- 
tion of about 21.4 grams of metallic iron from the tank wall, this 
iron being converted to ferric hydroxide. 

The dissolved oxygen in the raw water entering a pressure 
type of heater will remain in solution except for that which is 
reduced by the natural corrosion currents (or by the projected 
current where cathodic protection is applied) since the pressure 
within the heater will not permit the release and removal of the 
dissolved gases from the water to the atmosphere. 

The current density required to protect an open type hot water 
heater is usually much less than that required to protect a 
pressure type of heater. The reason for this will be clearer 
when it is remembered that the solubility of oxygen and other 
gases in water at atmospheric pressure decreases with increasing 
temperature. Therefore, in an open type heater, which is usually 
vented to the atmosphere, the gases are gradually evolved until 
they are almost entirely removed at the boiling point. Under con- 
ditions where the incoming water is saturated with oxygen it 
can be seen that the oxygen will remain in the water in a 
pressure heater whereas in an open type heater a large portion 
of these gases would be vented to the atmosphere. The heated 
water thus becomes progressively less corrosive. 

Since it has been previously shown that with all other condi- 
tions equal, the current density requirements vary with the dis- 
solved oxygen concentration of the water, it becomes apparent 
that an open type heater will require a lower c.d. than a pressure 
type heater employed to heat the same water. 


New York Central Railroad 


A cathodic protection installation in an open type heater at the 
Harmon, N. Y., yards of the New York Central Railroad has 
been recently described by E. H. Thwaits.” A live steam jet 
was used to heat the water. It is apparent the live steam used 
for heating would strip most of the dissolved gases, including 
oxygen, from the water and, therefore, require a low c.d. for 
protection of the steel tank. Actually a c.d. of 1 amp./1280 sq. 
ft. proved adequate for protecting this tank. 
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Well Pump Corrosion 
and Cathodic Protection Experiences 


The corrosion occurring on the casings, screens and pump 
equipment used in deep wells offers a tantalizing problem to 
those interested in cathodic protection. The failure of the well 
casing and screen by corrosion usually necessitates the drill; 
of a new well. Corrosion occurring in the pump bowl, impeller 
column pipe and shaft tubing often causes the pump to be pulled 
prematurely for replacement or repair of the affected parts, There 
are two types of corrosion currents which influence the attack on 
deep well equipment. The first is the local corrosion cel] type 
of attack discussed in the author’s preceding articles. The sec 
ond is the man or mechanically created corrosion current which 
is covered by the broad term—electrolysis. The latter is occa. 
sionally found where nearby DC power systems are grounded and 
current is forced to flow through the water or soil around poorly 
connected metal joints within the well or to flow from the well 
through the soil to some adjacent structure possessing a lower 
potential. Some thought has also been given to the possibility 
of a rotating pump shaft cutting magnetic lines of force gener. 
ating direct current which would flow through the shaft and 
return through the column pipe, etc. 

Electrolysis can usually be overcome by a complete survey oj 
the electrical environment surrounding a well and then providing 
measures indicated by the survey to prevent the forced drainage 
of current from any metal surface in the well. The local cor- 
rosion current cells on the metal surface can be stifled by a pro- 
jected current from properly positioned anodes within the annular 
space between the shaft and the column pipe and between the 
column pipe and the well casing. Other electrodes can be posi- 
tioned to provide a protective current flow to the inner surfaces 
of the casing and screen below the pump suction. The corrosion 
cells caused by dissimilar metals are stifled by cathodic protec- 
tion. The outside of the casing may be protected against soil 
corrosion by projecting a current flow through the soil to these 
surfaces. In view of the complex nature of the interior of the 
pump bowl and impeller the author does at this juncture not 
feel that these intricate surfaces can be reached by projected 
current flow from any practical anode design. This part of the 
well can best be fabricated of corrosion resistant metals. 


Application Experiences 


F. P. Macdonald™ has discussed an oil lubricated deep well tur- 
bine pump at La Peer, Mich., whose column pipe was severely 
pitted when pulled and examined in 1941 after eighteen months 
of operation. At that time the column pipe was renewed and 
cathodic protection was applied. Upon re-examining the column 
pipe after 31 months of operation there was no evidence of attack 
occurring during that interval. Four other cathodic protection 
installations in deep wells have been made in Indiana, Louisiana 
and British Guiana. While these installations are being carefully 
followed it is yet too early to justify any statement. 


Clarifiers and Sludge Blanket Filtration Devices 


An unexpected corrosion problem being discovered in most 
water plants treating raw surface water is the attack of clarifier 
mechanisms and of the sludge blanket filtration type softeners. 
This attack is usually not anticipated since in the softening proc- 
ess the water is treated with lime and generally has CaCOs depos- 
iting properties which have been assumed to provide protective 
properties to submerged steel surfaces. In spite of the positive 
CaCO; Saturation Index the corrosion process is active in the 
presence of such aerated treated water. The freely corroding 
test specimens shown in Fig. 2 illustrates the type of attack 
occurring on a water clarifier mechanism in Ohio. The cathodic- 
ally protected specimens supported against the mechanism struc- 
ture, shown in the same photograph were completely protected 
without any corrosion or pits developing during the interval of 
the test. 

An illustration of the type of attack occurring on the sub- 
merged surfaces of the Sludge Blanket Filtration type of soft- 
ener is shown in Fig. 11. The nodular formation of corrosion 
product (tuberculation) lies over the anodic areas where pitting 
has progressed beneath these nodules—in a few places even com- 
pletely through the steel sheet baffles. Cathodic protection is now 
being applied to many clarifier mechanisms and Sludge Blanket 
Filtration Type Softeners with very encouraging results. 


Dangers in Cathodic Protection Are Few 
But Require Consideration 
The possibility of deleterious effects resulting from properly 
designed cathodic protection is negligible. It has already been 
stated in Part I that an excesssive current density will not prove 
to be harmful to iron. A design consideration that must be made 
in any cathodic protection installation is the provision for a con- 
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tinuous low resistance path back to the rec- 

tifier from all submerged surfaces receiving 
a protective current flow. The importance 
of this is illustrated by the corrosion in- 
duced on a poorly bonded pipe joint when 
current is flowing through the pipe. A 
portion of the current will leave the pipe 
and flow through the electrolyte to the ad- 
joining pipe section around the resistance 
at the joint. Corrosion attack is induced 
at the pipe joint where the current enters 
the electrolyte, whereas the adjoining pipe 
section receiving the same current flow 
from the electrolyte is being protected 
Eliassen and Goldsmith® have shown under 
controlled conditions that grounding of 1.25 
amperes of either alternating or direct cur- 
rent at one end of a length of %-in pipe 
and the drainage of this current from the 
other end of the pipe had no appreciable 
effect on the quality of the water passing 
through the pipe. This would indicate that 
a good current drainage path back to the 
rectifier from the structure being protected 
will not influence the normal corrosion 
processes occurring on surfaces which do 
not receive a projected current through the 
corroding media to the metal surface. 


Although the fundamental principles of 
cathodic protection have been well under- 
stood for many years and are available in 
the corrosion literature, the water works , 
field has been fortunate in having had the 
application of this method of corrosion 
control to water plant equipment studied 
and discussed by O’Brien**, Mabee“, Nor- 
man“, Knudsen”, Keith*, Schneider“ and 
by numerous others who have not pub- 
lished their findings. Their observations 
have contributed much to the better understanding of cathodic 
protection amongst the men who must battle corrosion in the 
water and sewage works field. 


Conclusions 


The application of cathodic protection frequently presents a 
complex engineering design problem not fully appreciated by 
many. And, for truly successful results and economy a com- 
prehensive survey of the corrosion environment is the only rec- 
ommended procedure, except in the simplest cases wherein suc- 
cess seems almost automatic. 

Any steel surface submerged in natural waters may be pro- 
tected when an adequate current density, projected from prop- 
erly designed anode configurations within the corroding media 
(and this is of highest importance) is properly distributed so 
as to stifle the corrosion currents flowing between local cells on 
the metal surface requiring protection. 

All other conditions being equal, the current density require- 
ments for complete protection are a function of the dissolved 
oxygen content of the water, temperature and velocity. 

The deposition of CaCOs, or the existence of other relatively 
continuous protective coatings on the metal surface, will reduce 
current density requirements for complete protection. 

In regions where ice formation occurs in tanks there is a 
“corroding season” and an “inactive season.” The “corroding 
season” occurs during the months when the metal is in contact 
with water, whereas the “inactive season” is the period where 
the metal surface is protected by an ice film barrier. Protection 
must be provided during the “corroding season.” 
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UNITED STATES PIPE AND FOUNDRY CO. 


General Offices: Burlington, New Jersey 


SALES OFFICES 


Philadelphia Birmingham San Francisee 
New York Chicago 


Pittsburgh 


Cleveland Minneapolis Seattle 
Kansas City Dallas Les Angeles 


Makers of 


SUPER-DE LAVAUD CENTRIFUGALLY CAST IRON PIPE 


PIT CAST IRON PIPE AND FITTINGS 

THREADED PIPE IN IRON PIPE SIZES 

WEBRE INDUSTRIAL AND SUGAR APPARATUS 
USICAST CHEMICAL CASTINGS 


FLANGED PIPE AND FITTINGS 
FLEXIBLE JOINT PIPE 
LARGE CASTINGS TO ORDER 
USICAST CAST IRON ROOF 


U. S. STANDARDIZED MECHANICAL JOINT 





Super-deLavaud Pipe with B&S Joints 


Super-deLavaud Pipe with bell and spigot joints is available 
in all sizes from 3” to 24” and in 12-foot and 18-foot lengths. The 
joint is particularly adaptable for lead, cement, joint compound 
or rubber cing assembly. The centering ring insures easy align- 
ment and uniform distribution of the jointing material. The 
process by which this pipe is produced assures concentricity, even- 
ness of metal and freedom from sand or slag inclusions. The 
bell and spigot joint, made with lead or other jointing materials, 
shows ample strength to resist pulling apart. If required to meet 
service conditions, pipe will be furnished with special linings. All 
Super-deLavaud Pipe with bell and spigot joints are made to 
hear Federal Specification WW-P-421. Write for descriptive 
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Nominal Laying Length 
Class 

Nomt- or Max- Aver 12-Foot Length 18-Foot Length 
Diam- net ratte Weight , Weight 
ree, | Because | T™CRew] prams | sectose | RHR | Pete 
nohes neluding neluding 

Pounds Bell Pounds Bell 

3 150 33 140 11.8 210 11 

3 250 36 155 12.8 230 12.7 

4 150 34 195 16.4 285 lo.9 

4 259 38 220 18.4 325 17.9 

6 15 37 315 26.3 460 25.5 

6 250 43 350 29.3 515 28.5 

8 1 42 475 39.4 690 38.3 

& 200 46 510 42.4 745 41.3 

R 250 50 545 45.5 800 44.3 

10 150 47 640 53.3 935 51.8 

10 200 52 700 58.3 1025 56.8 

10 250 57 760 63.3 1115 61.9 

12 150 50 810 67.4 1180 65.6 

12 200 57 905 75.4 1325 73.7 

12 250 62 990 82.5 1450 80.7 

Nominal Laying Length 
Class 

Nomt- oF Max- pone 12-Foot Length 18-Foot Length 
Diam- num | Thickness Weight Weight 
eter oe we ht Per Foot vor Per Foot 
Inches ae Seunte Including ha Including 

Bell Bell 

14 100 48 920 76.5 1340 74.3 

14 150 55 1060 88.5 1555 86.3 

14 200 62 1190 99.0 1735 96.3 

14 250 69 1320 110.0 1930 107.3 

16 100 52 1130 94.2 1645 91.4 

16 150 .60 1320 110.2 1935 107.4 

16 200 .68 14 124.1 2175 120.7 

16 250 75 1635 136.1 2390 132.7 

18 100 56 1365 113.8 1990 110.6 

18 150 .65 1595 132.8 2330 129.6 

18 200 a 1810 150.9 2645 146 9 

18 250 .83 2015 168.0 2950 163.9 

20 .58 1585 132 0 2305 128.0 

20 150 .68 18 155.0 2720 151.0 

20 200 .78 2125 177.1 3105 172.4 

20 250 88 2365 197.1 3465 192.4 

24 100 64 2085 173.8 3035 168.6 

24 150 76 2480 206.8 3630 201.6 

24 200 88 2855 237.8 4170 231.6 

24 250 1.00 32 266.8 4690 260.6 























Threaded Cast Iron Pipe Centrifugally Cast 


Super-deLavaud Cast Iron Pipe is now being manufactured in 
“iron pipe sizes” with threaded joints to meet the demand for a 
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better and more durable pipe. There are two distinct types of 
service for which Super-deLavaud Cast Iron Pipe may be used: 
pressure service for water, gas, steam or similar liquids and 
gases; and drainage service. Pressure pipe is made to meet the 
requirements of Federal Specifications WW-P-421 and is supplied 
in three classes: standard, extra-strong and double-extra-strong. 
Drainage pipe, used for waste, vent and drain work, is a lighter 
pipe for use in buildings and elsewhere where a tight screw- 
coupled joint is needed. Drainage pipe is made to meet the 
requirements of Federal Specifications WW-P-356. 


THREADED CAST IRON PRESSURE PIPE 
(Made to meet the requirements of Federal Specifications WW-P-421) 




















Size Nominal | Outside | Nominal | Threads Weight 
Inches Class Length, | Diameter, | Thickness, per r Foot 
Feet Inches Inches Inch ounds 

Standard 2 3.50 .36 8 1.08 

3 X-strong 2 3.50 .45 8 3.45 
XX-stron 2 3.50 .48 8 4.21 

Standar 4.50 .38 8 5.34 

X-strong 4.50 .48 8 8.91 

XX-stron: 4.50 .52 8 20.29 

Standar 5.56 .40 8 0.22 

X-strong 5.56 .49 8 4.40 

XX-stron; 5.56 .53 8 6 15 

Standar 6.63 .43 8 6.13 

X-strong 6.63 .51 8 0.59 

XX-stro § 6.63 .55 8 2.78 

Standa § 8.63 .50 8 9.85 

8 X-strong § 8.63 . 56 8 44.29 
XX-strong § 8.63 .60 8 47.22 























THREADED CAST FRON DRAIN PIPE 
For Waste, Vent and Drainage Service 
(Made to meet the requirements of Federal Specifications WW-P-356) 











Size Nominal Outside Minimum Threads Weight 
Inches Length Diameter Thickness per per Foot 
Feet Inches Inches Inch Pounds 
3 12 3.50 - 26 8 9.41 
4 18 4.50 -29 8 13.75 
5 18 5.56 33 8 19.05 
6 18 6.62 .38 8 26.22 
8 18 8.62 44 8 39.82 

















U. S. STANDARDIZED MECHANICAL JOINT 
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We are now prepared to furnish U. S. Standardized 
Mechanical Joint Pipe and Fittings in sizes from 3” to 12” 
with parts that are interchangeable with those furnished 
by other manufacturers of cast iron mechanical joint pipe. 


Standardization will eventually be extended to sizes above 
12”. In the meantime, these larger sizes will be furnished 
with our regular U. S, Mechanical Joint as heretofore. 
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PRODUCTS COMPANY OF PENNA. 


“ATLANTA 3, Go., 161 Spring St.. N.W ‘KANSAS CITY 2, Kon , 1913 Towromee Ave 
“CHICAGO 1, IIl., 333 No. Michigon Ave NEW YORK 16, N. Y., 280 Madison Ave 
“DALLAS 5, Tex., 3921 Purdue St PITTSBURGH 10, Po, 4656 Old Boston Rd 
“DETROIT 2. Mich, 2970 W. Grand Blvd ST. LOUIS 1, Mo, 318 North 8 St 


e Stock carried at these points. 






“r- sq JOINTING 
oo ~—! COMPOUND 


FOR BELL & SPIGOT WATER MAIN 
Tegul-MINERALEAD is a radically different joint- 
ing compound with advantages not matched in total 
in any other product for its purpose. Its sulphur base in 
cludes, as a plasticising agent, a special olefine polysulphide 
which contributes these advantageous properties: GREAT- 
ER ADHESION TO METALLIC AND CERAMIC 
SURFACES * HIGHER RESISTANCE TO VIBRA- 
TION and tt MECHANICAL SHOCK AND TEMPER- 
ATURE CHANGES * GREATER PLASTICITY and 
LOWER COEFFICIENT OF EXPANSION ®* Using 
Tegul-MINERALEAD you may expect: 

SPEED — 7 egui-MINERALEAD melts, pours and sets 
quickly and uniformly (a factor in reducing labor 
costs). Joints show less than usual initial leakage 
and backfilling may start at once, thus hastening 
removal of traffic hazards which arise from open 
trenches. 

CONVENIENCE — Molded in 10 Ib. ingots, Tegul-MIN- 
ERALEAD is easier to handle, ship and store. 
The ingot is impervious to moisture so may be 
stored outdoors in any weather. Since there can 
be no change of composition in an ingot, Tegul- 
MINERALEAD reaches you as correctly mixed 
as when it left our factory. 

ECONOMY — Z7egul-MINERALEAD weighs only 
1/5th as much as lead (and goes 3 times as far) 
saving in shipping costs. 5 ingots to carton makes 
a handy package. It melts, pours and sets quick- 
ly, needs no caulking or deep bell holes and re- 
quires no skilled labor. The sum of Tegul-MIN- 
ERALEAD’S advantages make it a money-saver, 
too. 

RESISTANCE TO SHOCK — Hicher resistance to mechan- 
ical and thermal shock promises permanently tight 
joints. Lines laid with Tegul-MINERALEAD in 
every kind of terrain and meeting every kind of 
punishment, have served for years without need 
of attention. 

AVAILABILITY — 7egul-MINERALEAD is. stocked 
at conveniently located points and is usually avail- 
able on short notice. Using Tegul-MIN- 
ERALEAD helps conserve lead, a strategic war 
metal. 

HOW Tegul-MINERALEAD IS USED 


MELTING — Tegul-MINERALEAD melts at 248°F., re- 
quiring only a slow fire. Care should be taken to avoid 
direct contact with flame and overheating, which tends to 
cause the compound to thicken. Best results are had by 
using furnace designed by the manufacturers of Tegul- 
MINERALEAD. 

YARNING — The pipe at Bell and Spigot must be clean and 
free from accumulations Of oil, tar and grease. If jute is 
employed it should be the dry, braided type. 

POURING — See that joints are clean. Use mud on.asbestos 
runner to prevent adhesion to the Tegul-MINERALEAD 
and to seal any leaks. Pour the melted compound slowly 
through a high pouring gate, using ladles or pouring pot 
of sufficient capacity to fill the joint at one operation. Add 
whole or half ingots to replace Tegul-MINERALEAD 
used. It is not necessary to wait for complete melting be- 
fore pouring more joints. Cut off pouring gate when com- 
pound has solidified. Remove runner and joint is complete. 


THE ATLAS MINERAL PRODUCTS COMPANY OF CALIFORNIA, Redwood City, California 


*DENVER 2, Col ,192! Bloke St 

HONOLULU 2, Howaii, U.S. A. 

SALT LAKE CITY 11, Utah, 1212 So. State St 
*LOS ANGELES 12, Col., 817 Yole St 

*SEATTLE 4, Wosh., 2726 First Ave., South 


MANUFACTURERS OF 3 : 
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The HYDE-RO Ring [eel 


» 


AN IMPORTANT AID IN 
BELL & SPIGOT JOINTING 








SPEEDS STERILIZATION—First hypochlorite 
flushing invariably secures negative 
reaction. 


Cross section 

PROMOTES ECONOMY — FACILITATES REPAIRS 

EASILY APPLIED 
ADVANTAGES IN DETAIL... 
(1) PREVENTS CONTAMINATION — Rubber cannot harbor 
bacteria nor support their growth internally where water 
main sterilizing agents cannot reach them. The use 
of HYDE-RO Rings will prevent continued recontami- 
nation that has been traced in many cases to the joint 
packing. 
ECONOMICAL — The cost of HYDE-RO Rings is in- 
significant compared with the cost of repeated treat- 
ments with hypochlorite or the cost of sterilizing and 
keeping sterile (if it can be done), other types of 
packing. 
CONVENIENT — The installing of HYDE-RO Rings is 
a simple, easily understood operation. There is no 
measuring to be done and no cutting. The wrong size 
cannot be used. Since rings are solid, there are no 
laps to be inspected to see that they do not occupy too 
much of the joint space. The same ring fits pipe with 
bead on spigot or straight end pipe. The narrow iron 
blade used in caulking the ring automatically slips into 
the groove in the back. 
HOLDS BACK WATER — When HYDE-RO Rings are 
used, the pouring of wet joints is unnecessary. The 
rubber ring caulked tightly into place effectively dams 
off water from leaking valves and permits pouring of 
dry joints. This is especially important in repair work. 
CONVENIENT TO STORE — HYDE-RO Rings are sup- 
plied in cartons each containing fifty rings. The pack- 
ages are light in weight and convenient to handle and 
store. Rings are manufactured for 4”, 6”, 8”, 10” and 
12” cast iron pipe. 
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HOW RING IS USED 


(1) Stretch the ring over 
spigot end of pipe with 
narrow end toward bell. 


(2) Slide ring about 1% 
inches from end of pipe; 
then slide the pipe home. 


(3) Caulking the ring 
home, using narrow caulk- 
ing tool about %” or less 
in width. 








Cross section showing the HYDE- 
RO Ring caulked into position on 
plain end (A) and beaded end (B) 
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HYDRAULIC DEVELOPMENT CORPORATION 





MANUFACTURERS OF HYDRO-TITE—A SELF-CAULKING COMPOUND 
DRY BRAIDED FIBREX — A SANITARY PACKING — USED LIKE BRAIDED JUTR 


MAIN SALES OFFICE: 
50 CHURCH ST., NEW YORK, N. Y. 





Nuss 


A Symbol of Quality 


GENERAL OFFICE AND WORKs: 
W. MEDFORD STA., BOSTON, Mass. 





es 


OTHER PRODUCTS — Wood Burning Furnaces, Pouring Pots, Pouring Ladles, Yarp. 
ing Irons, Joint Cutters, Joint Runners, Open Seam Pouring Funnels. 


Properties of 
HYDRO.-TITE 


HYDRO-TITE is a 
black powder composed 
— of selected inert minerals. 
: =yl When melted and al- 
! gRro- T Ta lowed to cool, it becomes 
ee ae a strong, tough, metallic 
mass. Compressive 
strength is 6,000 Ibs. per 
square inch and its tensile 
strength is over 650 Ibs. 
per square inch. 
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Manufacture of 
HYDRO-TITE 


HYDRO-TITE is made in an up-to-date factory with 
modern machines and by efficient methods. Constant in- 
spection, alert supervision and many years of research 
by some of the best trained chemical scientists combine 
to make HYDRO-TITE the leader in its field. This 
makes possible our continued use of the slogan—“MORE 
THAN 30 YEARS WITHOUT A FAILURE.” 


HYDRO-TITE Features 


Self-Caulking: HYDRO-TITE is melted by a small 
fire and nothing is added to make it liquid. When poured 
into a joint it immediately solidifies upon contact with 
the metal and bonds to both the surface of the bell and 
the spigot for the entire length of the joint. HYDRO- 
TITE requires no caulking. 


Self-Sealing: HYDRO-TITE joints are, under normal 
conditions, perfectly tight when pressure is first applied. 
Any leak or seep from a new joint will soon be stopped 
by the self-sealing quality of HYDRO-TITE. Even 
leaks occurring when pouring over-heated HYDRO- 
TITE will seal themselves within a day or two. “Less 
leakage from the start and quicker sealing qualities in 
case of small leakage.” 


Ready for Immediate Use: There need be no waiting 
time after pouring a joint with HYDRO-TITE. It solidi- 
fies at once upon contact with the pipe and is ready for 
regular pipe service. 


RESISTS VIBRATION: HYDRO-TITE can be used 
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anywhere. It is in service on pipe lines carried oye; 
bridges subjected to heavy automobile trucking, trolley 
cars and continuous railway traffic. 


DRY BRAIDED FIBREX 


A Sanitary Packing used in Jointing Bell and Spigot Pipe 
for Water Mains—Sewer Mains—Soil Pipe. 


FIBREX is the answer to the constant demand by Sani- 
tary Engineers for a packing which will not breed bacteria 
when used in water mains. Fibrex is a paper packing 
treated with a special water repellent which keeps the 
Fibrex sterile and prevents it from disintegrating. It has 
a hard twisted core with a basket weave covering and 
packs in a joint exactly the same as braided jute. 


FIBREX is 30% lighter in weight than dry braided jute 
and is put up in 60-pound reels. Each reel will take the 
place of over 90 pounds of braided jute and the cos 
per pound is approximately the same for both Fibrex and 
jute. This effects a 30% saving in cost. 


FIBREX was designed for use with Hydro-Tite and 
other self-caulking compounds. However, it is entirely 
suitable for joints made with lead, also for Sani-Tite and 
other asphalt sewer joint compounds. 


Hundreds of thousands of pounds of dry braided Fibrex 
are already in service on water lines throughout the 
country. It has the approval of the War Department at 
Washington, several different Area Engineer Offices of 
the War Department, the Departments of Public Health 
in some of our larger states and numerous Water De 
partments. 

Laboratory tests have been made by Skinner & Sherman, 
Inc., Chemists and Engineers, Boston, Mass., and their 
report shows that Fibrex does not breed bacteria, as is 
characteristic of jute, in both sterile and contaminated 
water. 


FIBREX is made 
in 3@”, 4” and 5%” 
sizes The 14” size 
is used on nearly all 
joints. The 34” and 
5g” sizes are used 
on thick or thin 
joints, as in case of 
some specials or 
changing over from 
one class pipe to 
another. 
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)N CHARTS FOR DETERMINING EQUIVALENT PIPES AND 
ND LOOP FLOW DISTRIBUTION 


UTE By H. W. CLARK 
City Manager, Niagara Falls, N. Y. 





: N THE determination of flows in pipe network systems by line at bottom of diagram, follow this line vertically to diagonai 
‘ | the Hardy Cross method, it is often desirable, for simplifica~ marked 8 in., from this intersection point follow horizontally to 
tion of the work, to reduce parts of the system to an equivalent the left scale and read .345. In the same manner follow the 3000 


, size pipe, and use the equivalent value in the computations. _ foot line vertically to the 8 in., diagonal, thence left from that 
For a quick and easy method of computing equivalent pipes point and read .19. 
and determining the percentage of flows in pipe loops, the ac- _ Add these two quantities and divide the sum into each, obtain- 
— companying charts have been prepared. ing the percentages shown. These percentages check those of 
the original problem, after its two calculations. 


Method of Preparing Charts 
arn: The Williams and Hazen formula’ was used with the follow- 
ing quantity notations : 


The basic formula is V = CR-® S-% 0.001-°.™ 
Q = VA = CR-* §-5 1,318A. 


The sum of these factors, 0.535, intersects the 8 in. diagonal 
line at 445 feet. 
Factor F = 0.535 = 445 ft. in 8 in. pipe, the equivalent pipe. 











w . ase e 
+ oll Q = Flow in cubic feet per second (c.f.s.) AD = 1000 ft. of 8 in., F = .345 64.5% 
ov C = Williams & Hazen pipe coefficient of roughness. ABCD = 3000 ft. of 8 in., F = .19 35.5% 
er R = Hydraulic radius of pipe in feet. ee eee 
Olley S = Slope of pipe = h divided by 1. 535 100% 
¢ A= Area of pipe in square feet = .7854D* as ion, " oe . ence me , 
D = Diameter of pipe in feet nasmuch as the Q’s are expressed in percentages where the 
h = Head loss in pipe considered head losses are desired, Q may be used as g.p.m., c.f.s. or m.g.d. 
L = Length of pipe considered in feet. We can now check the above problem using Hardy Cross 
Substituting in the above formula, we obtain— factors from Taylor’s article,’ Fig. 2. 
h\-™ The k for 1000 ft. of 8 in. with (C 120) = 6.0; for 3000 ft. of 
Q = C 1.318 (.25)-™ .7854 D* “(=) 8 in. with (C 120) — 18.0. 
Pipe : , ’ ; The formula for head loss by Doland’s formula‘ is 
as the constants are common to all pipes and in“ equivalent pipes : 
or loops the head loss, h, is the same for each, Q is proportional — a (gpm.)?- 
ani- D** , ‘ 100,000 
feria to —— lor pipes of equal roughness. This formula can be simplified by taking 100°" out of the 
king L na ‘ F Pa? parenthesis and dividing by 100,000; it then can be written 
the This is the same method given by James A. Conklin in an h = k (.05012) (.01 gpm.)1-® 
. article in Bagmecring News-Record’ in which he designated the _ Calling the total Q, 1000 gpm. the flow in AD will be 645 gpm., 
D* in ABCD 355 gpm. and in the equivalent pipe 1000 gpm.; then 
and quantity —— as the Pipe Factor, although he used the Chezy _ the head loss in the paths of the loop and in the equivalent pipe 
a , is found as follows: 
D** Path AD h= 6 (.05012) (6.45)-° | = 9.45 
Jute formula with the factor equal to Path ABCD h = 18 (.05012) (3.55) = 9.43 
h L*5 Equiv. pipe 445 ft. of 8 in., k = 6 (.445) = 2.67 
the h = 2.67 (05012) = (10.))-5 = 9.44 
cost In order to construct the charts the D*® values for nominal This agreement of the head foes “h” appears close enoush for 
and diameters of cast iron pipe were computed and spotted on the wed er _ besa 2 ee ee ee 
Y axis of logarithmic paper, then through each of these points “” —— 
were drawn the parallel lines 1/L°™ using 1,000 foot units for L. Example B 
and At the left of the diagram is read the factor for any correspond- Three parallel pipes are just as simple to figure as shown 
rely ing pipe diameter and length. 4 : saad es helow, using the same steps as in Example A 
) For convenience in use two charts on 81x11 inch logarithmic 
and paper have been prepared rather than preparing a large unwieldy 


chart. Obvious!y the charts overlap and the choice of chart in 


























the overlapping sections depends on the length of pipe involved 
Tex in the computation. 100% \00 Jo — 
the Demonstration of Chart Use 
t at In demonstrating the use of the diagrams, some published ex- 
of amples will be used, as most readers will probably be familiar 
lth with the examples. ; : . 
De- Example A Fig. 2—Example B—Parallel Pipes 
In D.R. Taylor s excellent article on the Hardy Cross method, 1800 ft. of 10 in. F= 80 =27.1% 
in Water Works and Sewerage,’ he uses the following circuit: 1000 ft. of 8 in. F= (345 —18.7% 
an, 1000 ft. of 12 in. F = 1.000 =54.2% 
.eir 35.5% C “1.845 100% 
» ‘ “ 
dhe 8 jooo - & F 1.845= 135 ft. of 10 in.; 325 ft. of 12 in.; or 1300 ft. of 
ted C120 16 in. 
—_—_, These values may be checked by the same method given for 
. finding h in Example A. 
“a © Example C 
_tlo ‘- | The chart values check closely the values given in tables com- 
oj} 2 ° 3 puted by W. E. Howland and F. Farr, Jr.’ shown by the follow- 
3 0 ° ing example. 
= . Take 500 ft. of 8 in. pipe F = .5 from Chart I. 
Reading across the .5 line where it intersects the 10 in., 12 in., 
— and 16 in. pipe lines we find the equivalent lengths to be 
7. ee 
100% 1000-8 joofe 12 in: = 3,600 ft. 
C20 16 in. = 14,600 ft. 
A. 64.5 From the Howland & Farr table, page 238°, mentioned above, 
° we find the equivalent values of 1 ft. of 8-in. pipe in the other 
Fig. 1—Example A—Simple Circuit sizes to be 
The direction of flow is indicated by the arrows. From Chart +2. “5 = — ee ay S 48 > 
I, Factor (F) is determined as follows: Look for the 1000 foot 1 ft. of 8in. = 29.25 ft. of 16 in. 
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Multiplying each of these values by 500 we obtain, respectively, 
1482.5 ft. of 10 in., 3602.5 ft. of 12 in. and 14625 ft. of 16 in., 
which, considering the size of the chart readings, is a pretty fair 
check. 

Example D 

Pipe circuits with crossover pipes and iatermediate take outs 
are not subject to exact analysis, but many of them can be closely 
approximated and many steps saved, as the following problem 
will show. It is not claimed, however, that all circuits will work 
out as well, for with complicated systems good judgment and 
experience in the method of computation will be the best guide. 

Let us take D. R. Taylor’s two-circuit problem from the same 
article’ previously mentioned. 

Using the same steps as outlined in Example A the following 
data are obtained: 


AB = 3000 ft. of 12 in. F = .55 56.7% 
AFES 5000 ft. of 12 in. F 42 43.3% 
97 100.0% 











56.1 
A 56.77% 





{oo 4, 


Assuming 1000 gpm total flow. 

ADh= _ 8.4 (.05012) 6.021% = 11.6] 
ABCD h= 18. (.05012) 3.981-% — 11.69 

Equiv. Pipeh = _ 3.3 (.05012) 10'- = 11.68 

It will also be noted that the k value for 1400 ft, of 8 j 
(C = 120) is 8.4 which is the same value for 1000 ft. of g = 
(C= 100) 84x (1.0) from Fig. 2° values of k. ” 
For changing from C = 100 to any other value of C, multi 
by the following factor; if changing from C= 120, ete nd 
C = 100, divide C = 120, etc., by the factor; these factors. 


Cx \"* a 
x 
simply — ) 
C100 
WhereC= 90 100 110 120 130 140 
'= 82 1.0 1.195 1.40 1.625 1.863 


Conclusions 


The author has used the foregoing method in computing cir. 
cuits and found it helped greatly in reducing the computations 
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Fig. LII—Example C—Two Circuits 


BCD = 4000 ft. of 10 in. F = .29 40.5% 
ED = 2000 ft. of 10 in. F = .425 59.5% 
.715 100.0% 


The crossover pipe is not considered in the first approximation, 
only the outside circuit. 

Place the percentage flows as computed on the diagram and 
we find BE to be 16.2 per cent. 

Computing the circuits by the Hardy Cross method, a correc- 
tion in M of —.6 per cent clockwise is found, and in N of +.7 
per cent clockwise on the first computation. These are within 
.l per cent of the final value. 

The pipe BE has two corrections, both being minus, with the 
final value of 16.2—.6—.7 = 14.9. 

Example E Where C Varies in the Loops 

In the foregoing examples the C of all pipes has been con- 
sidered equal but pipes of different C values can also be com- 
pared by converting both to the same C and proceeding as 
demonstrated. 

Consider the first problem again, using C= 100 for AD and 
C= 120 for ABCD. 

The change can be either way,” the method to pursue as 
follows ° 

Change AD (C = 100) to C=120 by multiplying the length 


120\*" 
1000 ft. by ( ) 1000 « 1.4 = 1400 ft. 
100 


If the change had been to C=100 for the C=120 pipe. 
ABCD = 3000 ft. (C120) would have been divided by 1.4 
and the resulting length used with the 1000 ft. for AD and 
C = 100 for both. 

We will use the C = 120 values, then 


AD 1000 ft. (C = 100) 1400 ft. (C= 120); F = .288 


= 60.2% 
ABCD 3000 ft. (C = 120) = 3000 ft. (C = 120); =.190 39.8% 


-478 100.0% 





Equiv. pipe F (.478) = 550 ft. 8 in. (C = 120) 
Check computations. 
AD k for 1400 ft. of 8 in. (C = 120) 


= 6 (1.4 
ABCD k for 3000 ft. of 8 in. (C = 120) = 6 (3.0 
Equiv. pipe k for 550 ft. of Sin. (C = 120) = 6 
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required, in some instances even giving initial results within a 
few per cent of the final. 

One is cautioned, however, that complicated circuits and those 
with take-offs must be examined carefully, as small increment 
corrections will sometimes throw them out of balance instead of 
toward convergence. Large pipes with low resistance factors in 
loops with smaller pipes of high resistance are very tricky in 
adjusting flows. 


8 1000-8" A 
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Fig. 4—Example D—Simple Circuit Where C Varies in the 
Loop 
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and COMPANY 


DIVISION OF 


GENERAL PAINT CORPORATION 


STEEL PIPE PROTECTION for Water Mains and Supply Lines 


CLEVELAND, 


OHIO 





The HILL-HUBBELL= 


PROCESS of STEEL PIPE 
PROTECTION is ena 
MACHINE APPLIED PRO- 
DUCTION BASIS .... 





BITURINE AKWALINE ASSURES HIGH “‘C’” FACTOR 


BITURINE AKWALINE ENAMEL is melted and 
heated in mechanically agitated and thermostati- 
cally controlled bitumen kettles. For lining STEEL 
PIPE, the duration of heating is kept to a minimum 
by the rapid application to the inner surface of the 
horizontally positioned power rolled or spun pipe. 


The feed line placed at the bottom of the pipe, dis- 
perses the flow of hot enamel in quantities sufficient 
to build up a multiple application thus covering 
and protecting the inner wall of the pipe with a 
smooth, resilient surface. 


BITURINE ENAMEL COATING and KRAFT PAPER WRAPPING 


BITURINE AKWALINE PRIMER is the first 
process in the protection of the pipe surface. Rap- 
idly rotating weighted bristle brushes force the 
primer into every irregularity of the steel structure. 
BITURINE AKWALINE COATING—AND— 
WRAPPING is also machine applied; again mini- 
mum duration of heating is attained by exception- 
ally rapid application—After the second coating is 
applied there are no skips, holidays. ited 


STEEL PIPE HAS MANY 
OUTSTANDING ADVANTAGES 


For many years STEEL PIPE has been 
used for water mains—It is particularly 
applicable, because of its shatter-proof 
strength, flexibility, ductility, long 
lengths, lower installation costs and 
greater enduring capacity. With HILL- 
HUBBELL MODERN methods of pipe 
Protection applied to it, it gives long 
service at low maintenance cost. 





or bubbles, the felt wrapper is applied by 
flooding the inner surface with the hot coat- 
ing, before it is wound on the pipe under fixed 
mechanical tension. Another coating is applied 
before the protective cover of 80 Ib. Kraft 
Paper is spirally wound in place. HILL-HUBBELL 
AND COMPANY printed on the Kraft paper cov- 
ering stamps it a product of worthy CRAFTS- 
j MANSHIP. 







COATED-# 
WRAPPED— 
AND— LINED 


HILL-HUBBELL 
PIPE PROTECTION 
MEETS A.W.W.A. 7A. 6 


COATING — AND — WRAPPING — 
AND — LINING with BITURINE 
AKWALINE PRIMER AND ENAM- 
EL complies fully with A.W.W.A. 
Specifications 7A.6. 
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THE NATIONAL WATER MAIN CLEANING 
COMPANY 


Contractors for Cleaning of Water Mains 
22nd Floor, 30 Church St., New York 7, N. Y. 





BRANCHES 
ATLANTA 3 BIRMINGHAM 3 BOSTON I[5 CHICAGO 6 JACKSONVILLE | KANSAS CITY 2 
1225 Mortgage 607 Ist Natl. 115 ‘Peterboro St. 205 Wacker Dr. W. P, O. Box 683 3707 Madison St. 
Guarantee Bidg. Bank Bldg. 
OMAHA 5 RICHMOND 19 ST. LOUIS 17 SAN FRANCISCO MONTREAL WINNIPEG 
3812 Castellar St. 210 Franklin St. 7103 Dale Ave. 50! Howard St. 2028 Union Ave. 576 Wall St. 





Dee 


mst ee 


After Cleaning 





WHAT YOU GAIN FROM 






by NATIONAL 


1.—More Water 






2.—Better Water 







* 


3.—Higher Pressures 





4—Lower Pumping Costs 






5.—Lower Fire Insurance 
Rates 







6.—Satisfied Consumers 









When a Pipe Lining Is Tuber- 

culated to This Extent, the Fric- 

tional Resistance, to Flow Is 
Considerable 


Main in a Midwest City 
Before Cleaning 


Our experts can. make valu- 
able suggestions about the 
best, quickest, and most eco- 
nomical ways to_ restore 
95% of your pipe’s original 
capacity. 


To put your water distribu- 
tion system into first class 
condition for maximum serv- 
ice get in touch with our 
nearest office. 


Vachine Arrives at End of Run After Cleaning 30” Main in St. Louis 


HE ONE place you want experienced serv- Mains down over 20 years easily can lose 50% 

ice is in your water main cleaning. Too much 1 
depends upon your uninterrupted water supply 
to justify taking chances. 38 years of successful 
cleaning experience are at your command when  ‘ eter . 
you employ National to do this important work, "8 ©oSts and keeping es wae Oe such 
\ll the improved technique that comes from being mains can be cleaned the National way in from 
America’s leading water main cleaners for over 5 to 7 hours, at night if necessary. Service can 
a third of a century is at your disposal. be resumed very quickly in any emergency. 


of original capacity through encrustations and 
foreign matters, which reduce pressure, quantity 
and quality of water, as well as increasing pump- 


Information regarding any of the hundreds of successful cleaning projects will be supplied upon request. 


GUARANTEED TO RESTORE 95% ORIGINAL CAPACITY 
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WATER MAIN CLEANING 


. Some Recent Experiences and Results 


By WM. S. STAUB, Engineer 


West Virginia Water Service Co. 
Charleston, West Virginia 


E HAVE just completed main cleaning projects at three 
of our properties in this state. This, our first adventure 
in this kind of main restoration, will serve as index of 
merit of the process. We have definitely raised the flows and 


pressures in those mains that have been cleaned and, in cases of 


the transmission mains, the pumping cost per million gallons has 
been reduced. 





complaints from consumers are not soothing melodies to a super- 
intendent’s ears. Consequently, everyone suffers from the effects 
of tuberculated pipes. 


Locating the Trouble 


When a main is suspected of being tuberculated, or when we 
find that the operating head on a pump is much greater than the 
static head plus the calculated friction head 
for new pipe, it is time to find the trouble. 
The distribution main is isolated in such 
a manner than all water going to a certain 
area must pass through the section of pipe to 
be tested. Then, in the early morning hours, 
the calibrated pressure gauges are placed 
along the line and a hydrant is opened at the 
end of the line. The amount of water is 
measured with a pitot-tube, the pressure drop 
is recorded and the loss per 1000’ or the 
value of “C” is determined. (For details 
of the method see “Hydrant Discharge 
Measurements,” page 183. Reference and 
Data Number of Water Works and Sewer- 
age, May, 1939.) 

We admit this method of determining “C” 
is not as accurate as secured by Pitometer 
tests, but we feel that a reasonably accurate 
value is obtained if precautions are used. In 
the case of transmission mains, by determin- 
ing the efficiency of the pumping equipment, 
static head, operating head, power consumed, 





“Jacking-In” Operation 


About half of a cleaning tool jacked into an 8-in. main, It will travel under its own 


“steam” by main pressure turned in behind it. 


The purpose of this paper is to present our ideas of main 
cleaning, why we clean mains, what results we have had, the 
cost per foot to clean; to give a general description of the pro- 
cedure and to observe what happens in a cleaned main. 

In years gone by, when there was no water treatment or when 
the practice was in its infancy, beyond taste and appearance other 
characteristics of the water were given little thought. Therefore 
the distribution system suffered, due to lack of knowledge of 
corrective treatment. Th edeposition of the 


water pumped, it is possible to get a very 
good check over any period. (For “A Simple 
Method for Checking Pump Efficiencies” see 
page 445, November, 1939, Water Works and 
Sewerage.) © 


Cleaning Procedure 


The largest pipe which we cleaned was 10” cast iron. The 10” 
and 8” pipe was cleaned with the pressure cleaning machine, which 
uses the water pressure to push the device through the pipe. This 
machine (see pictures) is about 6’ long, composed of five cutting 
heads and two pistons. The heads are “vertebrae” upon which 
are attached, around the circumference, the cutting blades. The 





solids and the tuberculation reduced the area 
of the pipe and, therewith, the amount of 
water that would flow through the pipe un- 
der pressure available. Consequently, today, 
when there are complaints of poor pressure, 
or when increased fire flow is in demend, we 
are faced with the problem of main replace- 
ments or improvement of existing mains. Al- 
though the exterior of the pipe is usually as 
good, practically, as the day it was installed, 
the interior may present a scene comparable 
to the stalagmites and stalactites of the east- 
ern caverns. If such choking deposits can 
effectively be removed from the pipe and the 
carrying capacity appreciably restored there 
will be a great savings over replacements, 
even though the latter be necessary eventu- 
ally.. 

A dirty main is definitely a liability. From 
the operating standpoint a dirty transmission 
main consumes many kilowatt hours of power 
due to the added friction. Kilowatt hours in 





8 





turn cost money, which in turn increases op- 
erating expenses. A dirty main is a great 
handicap to the fire departments, due to in- 
sufficient quantities of water. Poor pressure 





The “Carrier” 
A rod with leather piston cups is used to thread cable through 4-in. and 6-in. mains. 


W.W.&S.— REFERENCE & Data — 1945 





R-90 


blades are of spring steel. There are two 
flexible “pistons” from which the ma- 
chine gets its drive. There are adjustable 
ports through the pistons, which we can 
set to control the volume of water pass- 
ing the machine for sweeping the debris 
ahead and, at the same time, to prevent 
the machine from moving too rapidly. 
‘ Closing the ports naturally gives added 
driving power for the tougher jobs. The 
pistons and cutting heads are on a flexible 
spring and cable type of shaft. Its flexi- 
bility will allow the machine to pass a 
standard 90° bend. Contrary to the belief 
of many, the machine does not take on any 
spiral or whirling motion in its travel. 


Cleaning 8 and 10 Inch Mains 


The main is isolated and a section of 
pipe is removed at the point of beginning. 
This section should be long enough to 
give ample working room for inserting 
the machine. The machine is then jacked 
intothe pipe (see cut) and the pipe per- 
manently jointed either by solid or Dresser 
sleeves. At that point at which we wish 
the machine to emerge the pipe is again 
cut. A short section is removed and bell 
and spigot fittings are used to rig a riser. 
Usually this is done with a 45° bend and 





miilliox: 
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A Small Line “Make-Up” 
ln which the “carrier” with threading cable 
attached has been inserted in 4-in. main 
and is ready to travel. 


a short piece of pipe. The joint need only be juted and chained. 
The purpose of the riser is to discharge the debris on top of 
the ground, rathre than in the trench. When the riser is rigged 
the pipe is all ready. The valve on the main is opened slowly 
tu secure the proper amount of water and the machine begins 
to move. The machine generally moves about 100 feet per minute 
and it is possible to follow its travel through the line, as the 
water passing the pistons and the scraping blades is audible at the 
surface. Generally the water emerging from the riser will only 
be colored until the machine gets within about 300 feet, then the 
water is thick and black. The solid material may issue from the 
pipe like sausage, if the encrustation is marked. In the case of the 
3900’ of 10” line in South Charleston (W. Va.) there was an 
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(See accompanying tables of data 
and costs.) 








Dollar Losing Debris 
Some of the 1% tons of solid material 
swept out of 3,976 ft. of 10-in. transmission 
main, to reduce pumping cost $2.37 per 


The Safety Winch 


Pulling cleaning tool through a 4-in, line 

In such operations the debris collects ix 

the ditch, which is dewatered with the small 
portable pump alongside. 


estimated one and one-half tons of solid material which came 
from the pipe. The machine will generally lodge in the riser pipe 
due to so much debris, and has to be helped out. When the m- 
chine has reached its destination (after only one trip through 
it: most cases) the riser is dismantled, the main flushed, jointed, 
and placed in service. 


Cleaning 4 and 6 Inch Mains 


In the case of 6” mains, where they are not so dirty, these 
may be cleaned by “pressure shots” as described for larger sizes 
of pipe. In one case where the pressure was low a booster pum 
was used to supply increased pressure for a 6” “pressure shot” 
However, generally 6” mains must be cleaned the same way as 
4” pipe, which I will now describe. 


In cleaning 4” mains the section to be cleaned is isolated and 
the main opened at both ends. At the beginning point a small 
cable is attached to a “carrier” and inserted into the line. The 
“carrier” is a short rod with leather pistons. The main is then 
jointed at this point with a portable coupling known as a “make- 
up.” This “makeup” has a gland in the top through which the 
small cable may be fed. The water is then turned on behind and 
the water velocity takes the “carrier” and the small cable to the 
other end of the pipe. This small cable is then used to pull the 
hig cable back to the point of machine insertion. The makeup is 
removed, the cleaning tool clamped to the large cable (see cut), 
the main permanently jointed, the water pressure turned on, and 
the cleaning tool is pulled through the pipe by a gasoline driven 
winch. This process is much slower than the pressure method 
and great care must be exercised to prevent breaking the cable 
and losing the machine. In this case a very slow speed is used 
The winch automatically releases the clutch when the tension or 
pull becomes too great. This generally happens when the cleaning 
tool caught some joint lead or a bad obstruction. When the 
— tool emerged the main was flushed and permanently 
jointed. 


Obstacles Encountered 


In pressure cleaning the drive of the machine is dependent 
upon the velocity of the water acting on the pistons, and in the 
event the machine encounters a cross increasing on the branches 
it will generally stop. In other words, in cleaning an 8” pipe, if 
at an intersection an 8 x 10 inch cross is present the machine will 
hang. This is due to the pistons expanding and allowing the water 
to pass it instead of driving the machine. 


If the wash water passing the machine is not sufficient to carry 
the debris ahead the machine will be fouled. We encountered one 
8” main in which the machine would move a short distance, then 
stop. After the wash water had moved the material ahead the 
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‘ne would move again. This happened on a long line where 
Serer was insufficient and blowoffs were too far apart. The 
d to re-run through this section and I am of the opinion 


machine ~ the debris was deposited behind the machine during 


the frst cleaning. 

Short radius bends with valves on one side caused several cuts 
to be made. 

Insufficient pressure was a jinx on one job. We were cleaning 

19” main from the reservoir down the hill. The pressure at 
* ooint of beginning was only 17 pounds. Thus it was necessary 
to fill the line with water and bleed it rapidly at the bottom of 
he hill, thus creating a vacuum. When this was done it was then 
impossible to keep up with the machine. 


Poor joints were responsible for a number of worries—poorly 
iuted joints where the lead had run into the pipe. There were 
‘wnks of lead removed weighing 50-75 pounds, old pump gaskets, 











coil springs, timbers, rocks and, in one case a piece of 114” pipe 
shout 6 feet long. These had probably entered the system years 
ago when reservoirs were uncovered or when the pipe was laid. 














An Ounce of Obstruction; A Pound of 
Cure 


This section of 8-in. pipe didn’t look “too 

bad,” but results after cleaning showed that 

it was. Proof found in the accompanying 

tables of data, revealing the “before and 

after” story, is more convincing than many 
words about it. 


Discoveries and By-Product Values 


At Hinton practically the entire system was cleaned. As a 
result, the method in which tie-ins are made, the fittings, and 
location of mains were definitely established. I know that our 
superintendent there can now point out on the ground just what 
is at every intersection, because he made intersection cards ac- 
curately during the cleaning. 


There were cases when a pipe which was supposed to be was 
not and vice versa. Old valves were found, some with box and 
all gone, some with stem broken and some found partly closed. 


If anyone operating a water system, which has been in service 
for a number of years, attempts a job of main cleaning, he will 
probably be surprised at a great many things found. And, from 
the operating standpoint, the knowledge gained during cleaning 


of mains may well save a few nights sleep to the superintendent. 


Conclusions 


We feel that our main cleaning jobs have done a lot of good. 
Those who have seen the mains before and after know that flows 
have definitely been improved. Just how long this pipe will remain 
clean is another question, but we expect to keep a close check on 
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the cleaned mains. In fact, we are taking daily samples at all 
points where we cleaned and are recording the pH, alkalinity and 
COve. Periodic flow tests will also be made to ascertain to what 
degree the main is tuberculating. We are trying to control our 
corrective-water treatments accordingly. 


We do know that the fire flows have been greatly increased and 
that once weak hydrants are again gushing brisky. On transmis- 
sion mains there have been definite and pleasing reductions in 
power consumed. 


Costs and Cleaning Data 











In the accompanying tables something of the data pertaining 
to cleaning operations and costs are presented for the efit of 
those interested. 

TABLE 1—Charleston Main Cleaning 
Pipe Pipe Pipe Pipe 
6” y 10”* 10”.8”** 

Item Kanawha St. Va. St. So. Chas. Nitro Line 
Contract of Cleaning.............. $134.80 $271.70 $397.60 $1,488.95 
.... i ae 6.19 48.86 138.29 250.40 
eo] ee een eee 65.86 186.80 188.14 888.09 
I I ian nee i aeraithietbind 206.85 507.36 724.03 2,627.44 
Number of Feet Cleaned......... 1348 2717 3976 29779 
yy 2 See $ 0.1535 $ 0.187 $ 90.1823 $ 0.0834 











* This cost does not include 8” temporary steel line which was laid. The 
rental of pipe, placing and removing cost $1,757.75 for 4200’. If this 
were added to the above the cost per foot for cleaning the 10” main 
would be $0.625. 

** The 10” and 8” main is a transmission main and was cleaned as one 
unit. Therefore there was no breakdown in cost. 


TABLE 2—Charleston Main Cleaning (Transmission Main) 











Feet of es —" 

Pipe Before After 

Location Size Cleaned Cleaning Cleaning 
SE CII eaicsccctsctnssstbenecss 10” 3,976 66 130* 
a 10” 10,679 49 130 
IRE 8” 19,100 49 126 
Charleston-Virginia St. .............. 8” 2,717 = 138 
Charleston-Kanawha St. ............ 6” 1,348 — 115 














* Yielding an estimated savings in pumping cost (power) of $2.37 per M.G. 
for the South Charleston main. 


TABLE 3—Hinton Main Cleaning (Total Cleaning Costs) 































































Item se” CL. eS” CLE. oe” CE. #” CL 
Contract of Cleaning $177.40 $ 546.90 $255.60 $ 675.80 
Labor Costs ....... . 42.92 238.33 185.60 376.86 
Material Costs . 44.25 245.54 189.30 301.96 
Total Cleaning Cost 264.57 1,030.77 630.50 1,354.62 
Cost per F 0. 0.1 0 0.2 

TABLE 4—Hinton Main Cleaning 

Ft. of Max, Min. Ave. "CO? “C” 
Pipe Pipe No. of Length Length Length Before After 
Size Cleaned “Shots” ‘Shot’ “Shot” “Shot” Cleaning Cleaning 
10” 1,774 1 1,774’ 1,774’ 1,774’ -- 128 
8” 5,468 9 1,072’ 215’ 608’ 48 126 
6” 2,556 7 675’ 189’ 365’ 80 117 
4” 6,758 14 965’ 36’ 482’ 44 122 

TABLE 5—Sutton Main Cleaning 
Pipe 6” Pipe 4” Pipe 4” 

Item Main St. Town Hill South Side 
Contract of Cleaning........................ $177.00 $325.40 $487.50 
Material Cost 18.55 72.60 105.60 
Labor Cost 90.50 166.40 249.20 
Total Cost -- 285.85 564.40 842.30 
Number of Feet Cleaned................ 177 3254 4875 
sf eer $ 0.161 $ 0.173 $ 0.172 

TABLE 6—Sutton Main Cleaning 
eegyee — “cn 
Ft. Pipe Before After 

Location Size Cleaned Cleaning Cleaning 
RRR eee 6” 1,770 42 136 
Town Hill 4” 3,254 68 118 
SD BEE titties 4,875 71 117 
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JOHNS-MANVILLE 


Executive Offices: 22 E. 40th Street, New York 16, N. Y. 
Offices in all large Cities 
es 
TRANSITE PRESSURE PIPE — TRANSITE SEWER PIPE 








TRANSITE PRESSURE PIPE... a brief discussion of how this 
asbestos-cement pipe can help you provide more efficient 
water service at lower cost— 









































I: SELECTING a water pipe — whethe 
for an extension or replacement of exist; 
A SUMMARY OF TRANSITE PIPE'S “he . 
OUTSTANDING CHARACTERISTICS lines or the installation of a complete ney 
AND system—careful consideration should be given 
e to the basic factors contributing to the eg. 
nomic life of the pipe. For example: 
MADE OF ASBESTOS AND CEMENT — Transite DELIVERY CAPACITY ... 
Pipe is built up under tremendous pressure on a T ° 
polished steel Bre to form a homogeneous Waterworks engineers generally agree that 
structure of great strength and uniformity. a water main, even though it remain structur- 
RESISTANT TO VIBRATION—By virtue of its flex- ally intact, may completely outlive its economic site I 
ible joints, Transite Pipe is resistant to the shock usefulness over a period of time. This point 1s 
and vibration of traffic; authoritative reports from z perm 
abroad indicate the ability of flexibly connected reached when the pipe will no longer carry, pipe 
shock with little or no effect on the performance of ’ belli : capa 
the line. Simplex Couplings divide the line into a meet demand. Such a condition may arise from the it 
ae 6 ee ee ae —_ Sr characteristics inherent in the pipe itself, from J enti 
localize damage in the case of direct hits. increased demand or from a combination of | the ¢ 
HIGH CARRYING CAPACITY — Because of its these two causes. Thus, in designing water Tt 
smooth interior, Transite “~~ Fe an un- systems, the engineer is faced with the Dur 
eenaly igh Sew cocietent, nies. responsibility of anticipating and solving thee J tee} 
CANNOT TUBERCULATE — Because it is non- problems. 
metallic, Transite Pipe can never rust or tubercu- x ; to th 
late. As a result, delivery capacity can never be To compensate for expected reductions in J cory, 
reduced by this internal corrosion — expensive carrying capacity, specifications often call for J spat 
cleaning to remove tubercules is never required. A ° : a 
ceeiernenmeiaai an Mannie te on larger sizes of pipe than would otherwise be J tion: 
. 4 — ne o > 
the important advantages of Transite’s asbestos- necessary. However, there 1S another, more Ti 
cement composition and unusually low free-lime fundamentally sound solution. In J-M Tran- 
content is high resistance to corrosion — inside, mea 
outside and all the way through. Thousands of in- i LIQUOR sure 
stallations attest to Transite’s durability in all kinds , j Zz 
- a ste 
of soils, “ia 
: Ing . 
TIGHT FLEXIBLE JOINTS—Composed of a Tran- a 
site sleeve and two rubber rings, the Simplex Coup- adve 
lings used in Transite lines provide unusually tight, omie 
yet flexible joints. of 33 
WORKING PRESSURES—tTransite Pipe is made in ina 
pressure classes of 50, 100, 150 and 200 for normal a 
working pressures of 50, 100, 150 and 200 lbs. per the | 
sq. in. 
EACH LENGTH RIGIDLY TESTED—Every length of 
Transite Pipe is individually tested to four times its B 
specified rating in a hydrostatic test machine. In those 
sizes where flexural strength is important, each length neer 
of pipe is also subjected to a beam test. of 
SIZES—Transite Pipe is made in a wide range of cher 
sizes from 3-inch to 36-inch. 
EASILY INSTALLED — Transite Pipe is furnished Ch 
in long, 13-ft. lengths. Relatively light in weight, actio 
they are easily handled and installed. Simplex + site . 
Couplings are assembled quickly and easily, even in treat 
prea : : One of the hundreds of American Municipalities, where Transile 
—— oe “teal . hydraulic coupling puller Pipe is providing unusually efficient, economical water service. salts 
; _— Transite’s speed of assembly reduces the time trenches must be gene 
open—minimizer traffic congestion and inconvenience to business. large 
). W.& S. — REFERENCE & Data — 1945 
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Because it is immune to tuberculation, wherever used, Transite 
Pipe assures an abundant supply of water through the years with 
low pumping costs. 


site Pipe, engineers find basic advantages that 
permit them to specify the most economical 
pipe sizes with full assurance that delivery 
capacity will not be reduced by tuberculation, 
the internal corrosion which, even when pres- 
ent in relatively small degree, greatly reduces 
the carrying capacity of ordinary pipe. 

Transite Pipe is an asbestos-cement product. 
During manufacture, it is built up on a polished 
steel mandrel that imparts unusual smoothness 
to the interior wall. Its flow coefficient is con- 
servatively established at C = 140. This means 
that Transite water lines start with an excep- 
tionally high carrying capacity. 

Transite’s freedom from _ tuberculation 
means that pumping costs stay low, for pres- 
sures need not be increased to compensate for 
a steadily decreasing flow coefficient and result- 
ing loss of head in the line. Not only does this 
advantage provide worthwhile operating econ- 
omies, but in many cases it also permits the use 
of smaller diameter pipe with resultant savings 
in all the numerous items that go to make up 
the original cost of completed water lines. 


SOIL CORROSION . . . 


Broadly speaking, most soil corrosion engi- 
neers agree that there are two principal forms 
of soil corrosion —chemical and_ electro- 


chemical. 


Chemical corrosion is caused by the direct, corrosive 
action of acids and salts encountered in the soil. Tran- 
site Pipe, due to a special process of manufacture and 
treatment, is virtually inert to concentration of acids and 
salts ordinarily found in soils. Free lime which might 
generally be expected in cement products, has been 
largely converted to insoluble silicates due to the method 





GRAMS OF Ca O PER 400 C.C. OF SOLUTION 


ge 
se 


’ : “ e 
le te SREP ak 


x 
fe aM, 


Over 62.000 feet of 10-inch to 30-inch Transite Pipe were used on 

this water collection and transmission system. Because of its light 

weight and speed of assembly, the pipe was laid as fast as the 
trench was opened. 


of manufacture. A comparison of the two curves in the 
diagram below shows the high degree of insolubility of 
Johns-Manville Transite Pipe. It is for this reason that 
Transite is so highly resistant to all forms of chemical 
corrosion. 


Electro-chemical corrosion is caused by the electro- 
lytic action between ordinary pipe and materials in the 
soil. This action is similar to that of a simple electric 
cell. In this case, the materials in the soil represent the 
positive pole; the soil moisture, the electrolyte, and the 
pipe wall serves as the negative pole. .The current 
generated passes from the pipe to the positive pole and 
causes a gradual disintegration of the pipe structure. 


With Transite, however, this condition can never 


RESULTS OF LEACHING TESTS 


(1) TRANSITE PRESSURE PIPE 
(2) PORTLAND CEMENT (NEAT) 


0) 





NUMBER OF CYCLES 


The chart above represents a series of leaching cycles 
for both pulverized Transite Pipe and neat cement. The 
small amount of free lime extracted from Transite indicates 
that for all practical purposes it may be considered insol- 
uble—one of the major factors responsible for its unusual 

resistance to soil corrosion. 
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occur, because being non-metallic, Transite is a non- 
conductor—therefore absolutely free from electrical 
corrosion. Furthermore, this asbestos-cement pipe is 
immune to electrolysis caused by stray electric current 
from high voltage lines, streets, railways, etc. 


The successful performance of Transite Pipe in all 
kinds of soil and under many varying climatic condi- 
cions provides practical proof of its high resistance to 
corrosion—inside, outside and all the way through. 


JOINT LEAKAGE... 


Numerous surveys have shown that leaky joints are 
responsible for a considerable portion of total water 
losses from underground mains. Generally recognized 
by waterworks men as a serious problem, joint leakage 
not only results in a direct waste of water but, by wash- 
ing away supporting soil, frequently causes pipe to 
fracture under traffic and earth loads. 

Much of this trouble is caused by the fact that the 
ordinary rigid joint, even though perfectly made by 
skilled workmen, may open up when subjected to 
vibration or settlement after the line is in service. 

Such potential losses are minimized with a flexible 
joint. And that is the principle upon which the Sim- 
plex Coupling, employed in assembling Transite Pipe, 
was designed. Consisting of a Transite sleeve and 
two rubber rings, it forms a tight joint that stays tight 
in service. Its flexibility compensates for vibration and 
for vertical, longitudinal and lateral movements to 
which the pipe may be subjected underground. Depend- 
ing upon the size of the pipe, a deflection of as much as 
5° is possible at each joint. 

From a practical standpoint, the less skill required in 
assembly, the less the danger of defective joints in 


the field. The dependability of the Simplex 
Coupling is due primarily to these distinctive 
features: 











Simplex Couplings Assembly (1) at start of operation (2) sleeve 
pulled over one ring, (3) final position, sleeve centered over joint. 
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1. It is actually a pre-fabricated, “packaged” joint 
The ends of each pipe and the inside of each coupling 
are machined to specific dimensions. The rubber rings 
are precision-made and subjected to rigid inspection 
before shipment. Joints are assembled cold—no pour. 
ing, caulking or heating equipment is needed. A simple 
hydraulic coupling puller, loaned by Johns-Manville 
without charge, is the only tool required for assembly, 


2. The effectiveness of the joint does not depend on 
the individual skill or training of the workmen. Sp 
simple is the operation that perfect Simplex joints can 
be made quickly and economically even by unskilled 
crews. 


Made of Permanent Materials. The Transite sleeve, 
like the pipe itself, is made of asbestos and cement and 
has the same high degree of resistance to all forms of 
corrosion. The rings, made of the highest quality 
rubber, are carefully cured and specially compounded 
with anti-oxidents and properly graded non-hygro- 
scopic fillers to assure permanence in water service. 


INSTALLATION .. . 


One of the major factors contributing to initial cost 
of a pipe line is the time and equipment required for 
installation. 


Transite Pressure Pipe offers primary advantages 
that help speed up installation and cut costs. The 
long, 13-ft. lengths are relatively light in weight. 
Two or three men can easily lower 8 inch pipe into 
the trench by hand. In fact all but the very largest 
sizes can be handled without the use of mechanical 
equipment. 


Simplex Couplings are assembled cold just as they 
are received from the factory. Wet trenches present 
no problem for no-heating or caulking equipment is 
required. And the complete assembly is completed in 
much less time than required by ordinary types of 
joints. 


WRITE FOR COMPLETE DETAILS 


A detailed discussion of the economic factors con- 
tributing to efficient, low-cost water lines is given in 
the Transite Pressure Pipe Brochure, TR-11A. The 
76-page “J-M Pipe Installation Manual,” D. S. 332, 
outlines effective methods of installing water lines 
and includes much more data on Transite Pipe and 
the Simplex Coupling than was possible to include on 
these pages. For your free copy of these books, write 
to Johns-Manville, 22 East 40th Street, New York 16, 
N. Y. 
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In YOUR SEWAGE DISPOSAL SYSTEMS - - - 
Transite Sewer Pipe offers fundamental advantages that help reduce 


the cost of sewer line construction, maintenance and operation. 


TRANSITE PRESSURE SEWER PIPE 


Pressure Sewer Lines are very similar in operation 
to water lines and must meet the same general service 
requirements. In addition, the pipe must be highly 
resistant to the corrosive action of the sewage. Transite 
Pressure Sewer Pipe, which is made of the same dur- 
able asbestos-cement composition as Transite Water 
Pipe, described on the preceding pages, meets all these 
requirements and provides highly satisfactory service in 
systems of this type. 


TRANSITE GRAVITY SEWER PIPE 


Gravity Sewer Lines offer a number of specialized 
problems which Transite Gravity Sewer Pipe meets 
eminently well. For example: 


INFILTRATION— 


It has been authoritatively estimated that as much 
as 25% of the contents of the average sewer is ordi- 
nary ground water that enters the system by infiltra- 
tion through the joints. And it costs practically as 
much to treat this water at the disposal plant as it 
does to treat sewage itself. Furthermore, in many 
cases, engineers must allow for this huge quantity of 
water by specifying a larger diameter pipe than would 
otherwise be necessary. 

With Transite Sewer Pipe, however, the infiltra- 
tion of ground water presents no serious problem. 
Transite’s long 13-ft. lengths cut down the number of 
joints in the line, thus reducing the danger of infiltra- 
tion right at the start. The poured sleeve joints em- 
ployed in Transite lines are unusually tight and stay 
tight in service. The jointing compound is the highest 
quality, unfilled asphalt which, when set, provides a 
strong, flexible joint that is highly resistant to cracking 











Transite, the corrosion-resistant, asbestos-cement sewer 
pipe, answers every requirement of efficient sewerage 
service. Its long 13-ft. lengths make laying to exact grades 
a quicker and more accurate job. And the tight joints 

employed minimize infiltration. 


or shrinkage. As a result, Transite Sewer Pipe lines 
have considerably less infiltration than that allowed by 
most specifications. 


CARRYING CAPACITY 


One of the most important factors in any sewer line 
is carrying capacity. All other things being equal, the 
relative carrying capacity of two or more types of 
pipe is best indicated by their flow coefficient. If, for 
example, the inside of the pipe is rough and uneven, 
the flow velocity is low and carrying capacity is greatly 
reduced. A smooth pipe, however, has a high flow 
velocity and a correspondingly high carrying capacity. 

Transite Sewer Pipe has an unusually smooth in- 
terior surface, its conservative friction coefficient when 
installed at the usual sewer pipe grade is N=.010. This 
high carrying capacity results in savings that can be 
taken in one of two ways. Flatter grades may be 
employed during installation — reducing the depth of 
the trench and making installation a faster, more eco- 
nomical job. Or, when the usual sewer pipe grade 
is maintained and deep trenches present no problem, 
Transite’s high flow velocity often makes it possible 
to use a smaller diameter pipe without reducing the 
desired carrying capacity of the system. 


OTHER CONSIDERATIONS 


Resistance to corrosion, structural strength and ease 
of installation are, of course, other important considera- 
tions in the selection of sewer pipe. 

Because of its asbestos-cement composition and its 
unusually low free lime content, Transite Sewer Pipe 
is highly resistant to the corrosive action of all types 
of domestic sewage and most industrial wastes—inside, 
outside and all the way through. 

Transite Sewer Pipe is furnished in sizes from 4” to 
36” in Class I, from 10” to 36” in Classes II and III 
and from 18” to 36” in Class IV. Each class of pipe is 
made to a specific crushing strength, thereby providing 
for the selection of the most economical combination of 
classes of pipe to meet the specific strength requirements 
of the line. 

The long 13-ft. sections in which Transite is fur- 
nished eliminates many of the difficulties in installa- 
tion common to ordinary short length sewer pipe. Rela- 
tively light in weight, these long lengths cut down han- 
dling costs. More footage may be carried per truck load 
to the trench and fewer men are needed to install 
the pipe. These long lengths also reduce the number 
of joints that must be made and thus save consider- 
able time and labor. In addition, long lengths greatly 
facilitate laying the pipe to an accurate grade. 

It will pay you to get further details about this mod 
ern sewer pipe. Brochure TR-21A presents them in 
brief, quickly read form. The “Transite Sewer Pipe 
Installation Manual” D.S. 342 gives val- 
uable information and tabular data perti- 
nent to installation problems. Write for 
these from Johns-Manville, 22 East 40th 
Street, New York 16, N. Y. 


JOHNS MANVILLE 


JM 
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LINING CAST IRON MAINS IN PLACE WITH CEMENT MORTAR* 


Experiences and Results at Charleston, S. C. 


By JAMES E. GIBSON 
Manager and Engif@r. Water Dept., Charleston, S. C. 


EMENT-MORTAR lined and encased sheet iron and steel 

riveted water mains, and cement-mortar lined wrought-iron 
and steel service pipes have been in use in the United States, 
particularly in the New England States, for near unto one 
hundred years and are still giving good service. It was not until 
1922, however, that the practice of cement-mortar lining of cast- 
iron water mains was introduced. The use of cement-lined and 
encased sheet iron water mains was more than likely dictated 
by the high cost of the cast-iron bell and spigot pipe of that 
time. The increasing demand and improvement in the manu- 
facture, perfected by the pipe foundries, soon overcame the price 
differences in the two materials, so that by the late nineties the 
manufacture of cement-lined sheet steel pipe had almost ceased, 
the last company making this type of pipe being the American 
Pipe & Construction Co. of Philadelphia, Pa., with which com- 
pany I was associated as assistant engineer to the late J. W. 
Ledoux, chief engineer. 

Experience gained and flow tests made on cement-lined 
wrought-iron pipe as manufactured by this company, in com- 
parison with tests on cast-iron mains of the same age laid in 
the same system and carrying the same water, showed the super- 
iority of the cement-lined mains over the cast-iron mains. It was 
this experience that led me to propose to the commissioners of 
public works of the city of Charleston, S. C., in 1921, that stand- 











Tate Self-Sharpening Cutting Scrapers 


Elliptical Springs Hold Cutter Blades Against Pipe Walls 
ard cast-iron water mains could with profit be lined with cement 
mortar. We received favorable consideration from the pipe 
foundries to our suggestions, and in June, 1922, in cooperation 
with the American Cast Iron Pipe Co. of Birmingham, Ala., 
began experimenting with the lining of standard cast-iron pipe 
with cement mortar. During the fall of 1922 the Charleston 
Water Department laid some ten miles of cement-lined cast-iron 
pipe from 4-in. to 20-in. diameter." Tests made immediately after 
laying this pipe in 1922, to determine the value of “C” ( Williams’ 
and Hazen’s formula), gave values as high as 140 and averaged 
135; and further tests within the last eighteen months show that 
these values have not depreciated, and in a few instances have 
improved. Based on observations, if the lining does not exceed 
l¥-in. thickness, coefficients of 140 may be conservatively used 
for cement-lined cast-iron mains, even when based on the nominal 
diameter of the pipe. 

The cleaning of tuberculated cast-iron water mains has been 
practiced for the last thirty or forty years, but experience gained 
has shown that, with many soft active waters, cleaning must be 
repeated at varying intervals and thereby constitutes a recurring 
expense and an annoyance to the water consumers. 

The executives of the Charleston Water Department, faced 
with their disappointing results from the cleaning of mains, and 
with their excellent experience with the cement-mortar lined 
ruains, began to look for some practical method of protection of 
the exposed interior surface of the water main after cleaning. 


A Method Becomes Available 


In about 1930, Mr. William Taren Tate of Sydney, Australia, 
began experiments with a process to cement-mortar line cast-iron 
mains in place, and in March, 1932, was granted Australian 
patents covering his process, and began the actual lining of mains 
in the Sydney Metropolitan Water Supply and Sewerage District. 
At the close of the year 1935 approximately 89 miles of mains 
*A paper read before the 60th Annual Convention of the Ameri- 
can Water Works Association, and here printed by permission of 
the Association. 
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had been lined in place and by the end of the year 193g ove 
600 miles had been completed; and to date over 1,000 miles In 
1934, Mr. Tate demonstrated his process of lining mains in place 
to the Water Works Commission of Manchester, England, 4 
description of the work done at Manchester was given in a 
paper by Mr. Thomas Wiggin, consulting engineer of New York 
City, presented before the American Water Works Association 
in 1935.° It was thus that our attention was directed to the Tate 
process of lining. The Tate Pipe Linings, Inc., of Andover, Mags 
was incorporated Oct. 25, 1938, by Mr. E. H. Lewis of Andover 
president, who obtained the license for the use of the Tate 
patents in the United States. Mr. Bruce Harkness of this latter 
company read a paper in February, 1939, before the New Eng- 
land Water Works Association,® giving his experience in lining 
water mains under the Tate patents, particularly in England and 
in Buenos Aires, Argentina. Later he took up with us the 
proposition of lining mains in Charleston, S. C. 

As a result of the information gained from the above papers, 
and a study of the process and equipment as presented to us by 
Mr. Harkness, the Water Department of the City of Charleston 
entered into a contract in July, 1939, for a trial lining of about 
2% miles of 4-in., 6-in. and 8-in. water mains in the system, It 
is the work done under this contract that this paper describes, 


Equipment and Procedure 


The procedure of cleaning and lining is: First, the section of 
main to be cleaned is isolated from the rest of the system, and to 
take care of the consumers, if numerous, a small service main 
is laid along the gutter or curb in the street with outlets provided 
for each house service. This temporary service main is then con- 
nected to the water main at convenient locations, preferably back 
of valves in the section to be cleaned. If valves are not available 
then the main must be cut and plugged so as to take care of the 
feed to the temporary main without interference with the work. 
The street is then opened at all service connections and all sery- 
ices are disconnected. A section of rubber hose is inserted between 
the service pipe and the temporary main at the gutter, so that 
during the interval of cleaning and lining the consumers receive 
water through the temporary main and the flexible hose connect- 
ing it to their regular service lines. When there are only a few 
consumers on the main being lined, water can be supplied them 
through the use of large containers delivered by truck. Next, 
all hydrant leads, tees and cross-mains are disconnected from 
the section to be cleaned. The main at each end of the section 
to be cleaned (usually about 300 to 400 feet in length), is then 
cut so as to permit the introduction of the cleaning apparatus. 
By means of sewer rods or steel tape a cable is introduced 
through the section of main to be cleaned. This cable is attached 
to a single drum hoist mounted on a truck. At the other end a 
similar truck is employed so that the cable can be pulled back 
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and forth alternately, each truck having a cable of sufficient 
length to pass through the section of main being lined. 


The Scrapers 


The cleaning equipment consists of cutting scrapers. These 
scrapers consist of a heavy wrought steel framework upon which 
are mounted cutter blades, the complete equipment consisting of 
two sections, the cutting blades in the two sections being stag- 
gered or rotated so that the trailing section cutter blades cover 
that part of the pipe wall not scraped by the leading blades. 
These blades are made up of heavy cast-steel sections mounted 
on a spider and held out to position by flat elliptical springs. 
Each section has three cutting blades for 4-in. pipe, and six 
cutting blades for 6-in. and 8-in. pipe. All cutting blades have 
six cutting edges, or knives. Blades are spaced symmetrically 
around the circumference of the spider and the knives are ar- 
ranged in increasing diameter so that there is in effect a series 
of cuts made on the incrustations or tubercles on the walls of 
the main. The knives of the cutters are designed so as to be 
self-sharpening. The cuttings fall down through the spaces 
between the blades and with little exception most of this material 
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is left in the main for subsequent removal. These scrapers are 
passed back and forth two or three times through the main being 
cleaned, depending upon the amount of incrustation or tubercles 
to be cut from the walls of the main. 

Scrapers are of rugged construction and can readily remove 
any obstruction in the main such as overrun lead joints or pro- 
truding unchartered corporation stops, should such exist. (It 
might be well to note here that it is very important to have all 
corporation stops and services removed from the main in advance 
of the final lining operation, for if not they may cause the cement- 
lining to fall and form an obstruction in the main.) 


Cleaning Brushes and Squeegees 


After all adhering tubercles and foreign substance has been cut 
from the walls of the main, there is then passed through the 
main a series of scraper brushes made up similar to the scraper 
section except that the knives are replaced by sections of steel 
brushes. These steel brushes, built like heavy steel brushes used 
for cleaning steel plate for painting, are held in a manner similar 
to the cutter section described above. 

Attached to the trailing end of the wire brushes are rubber 
squeegeeing pistons which are made up of steel plates with 
rubber discs inserted between the plates. These squeegeeing sec- 
tions have a double function; first, they trail the wire brushes 
and force out ahead of them all of the material that has been 
cut loose by the scrapers and the wire brushes, so that the main 
is thoroughly cleaned of all loose foreign material. In like 
manner these brushes and rubber squeegeeing pistons are passed 
through the section three or more times, after which the brushes 
are removed, and the squeegees alone are passed through the 
main. This second operation is to remove all moisture, water, 
etc., that is lying in the main at low points, as the main must 
be entirely dry and free of all water. In our experience we 
found that after passing these squeegeeing pistons through the 
main, on the final exit the rubber was warm to the hand. 

After this latter operation is completed, all corporation open- 
ings, crosses, tees, and outlets must be plugged with plugs that 
do not protrude into dr through the walls of the main, but effec- 
tively close the opening. For fittings such as tees and crosses 
special plugs made slightly smaller in diameter than the bore 
of the pipe are inserted in the horn or the tee or cross and held 
in position by clamps. These plugs are made smaller in diameter 
than the bore of the pipe so that the lining mortar may be forced 
out around the plug and line the horn of the outlet. After 
squeegeeing the main for moisture, and before lining, the proper 
practice is to draw a proving plug through the main to make 
certain that there are no obstructions that will interfere with 
or injure the lining machine when it is put through. This prov- 


Mortar Preparation 



















7 R-97 


ing plug is made of metal or wood that is slightly larger in 
diameter than the lining machine. It is probably more desirable 
to pass the proving plug by using man power, as the operator 
can thereby obtain a more sensitive survey of the condition of 
the main. The proving plug, having passed through satisfactorily, 
the main is now ready to be lined. 


Toward the end of the squeegeeing operation, a second gang 
of men is set to mixing the mortar for the lining. This mortar 
is composed of one cement and two sand, and is mixed in a steel 
mixing pan by hand, the procedure being, as in mixing any other 
mortar, first, to spread the sand out in an even layer over the 
bottom of the pan, to which is then added the proper quantity 
of —. and then with square-nose shovels or billies the sand 
and cefhent are thoroughly mixed until an even color is obtained, 
after which the requisite quantity of water is added to give a 
satisfactory slump test. 

It is important to have the mortar of proper consistency or 
slump and the amount of slump depends upon the size of the 
main being lined and the method used in introducing the mortar 
into the main. If introducing mechanically, a lower slump can 
be used than if introducing by hand. The company, organized 
in America, since its operations in Charleston and later at Fal- 
mouth, Mass., has developed a mechanical device for loading 
the cement-mortar into the main. This mechanical loader or 
charging device consists of a light, wrought-iron pipe connected 
to the end of the main and having a combination rubber and 
metal plunger attached to the cable used in cleaning. The cable 
is pulled up through the pipe so that the plunger is outside of 
the charging device; the vertical section pipe is then filled with 
the mortar, after which the plunger is placed in the pipe and 
pulled downward by means of the cable and the hoisting machine 
until the mortar is pulled down into the main. The plunger is 
then pulled back and a second charge of mortar introduced, and 
this is repeated until a sufficient quantity of mortar has been 
introduced to line the section of pipe cleaned. This is the more 
desirable method of introducing the mortar, for as above stated, 
you can have a lower slump test and less semi-laitance to be 
squeezed out of the mortar in the lining operation. 


Lining Machine 

After a sufficient quantity of mortar has been introduced into 
the main, the loading device is disconnected and the lining 
machine is attached to the cable. This lining machine is a conical 
or bullet shaped device having a hollow steel frustum of a cone 
attached to the down-stream end, all mounted on a steel shaft 
or spindle. This leading or bullet section of the lifting machine 
has two sets of four heavy elliptical cantilever springs set at 90 
degrees to each other, which are slightly larger in diameter than 
the main being lined. The function of these springs, you will 
readily understand, is to hold the lining machine in the center 
of the pipe, so as to obtain a concentric lining in the main. The 
hollow skirt (conical section of the liner) is perforated with a 
large number of conical openings, bored from the inside, so that 
any material entering the openings from the outside, such as 
sand and cement, will free itself and not clog the openings. This 
is an important feature of the lining machine, as it is this portion 
that performs the function of dehydrating the cement-mortar, 
allowing the entrained air, excess water and the semi-laitance to 
pass through and be deposited gently on the bottom of the new 
lining. The last 1% in. or 2 in. of the conical skirt of the lining 
machine is perfectly plain and smooth, and true to shape, and 
acts as a trowel to trowel out the mortar that has been plastered 
against the walls of the main by the pressure of the advancing 
head of the liner. As implied in the above, the function of the 
bullet and conical skirt of the lining machine is to force the 
mortar out against the walls of the main as the machine is being 
pulled through the main by the cable, the semi-laitance passing 
through the dehydrating openings and the smooth tail portion 
of the conical skirt acting as a trowel or float to smooth the 
interior surface of the mortar. It is important that the spindle 
upon which the bullet, springs, and perforated skirt-piece of the 
lining machine are mounted is straight and true in alignment. — 

There is always introduced into the main for lining a quantity 
of mortar in excess of that actually required. Some of it goes 
into the horns of any tees and crosses and fills the open spaces 
at the bell joints of the main. The average acts as a steadying 
plunger in front of the lining machine, so that the cable is always 
under tension and the lining machine under considerable pressure. 
Mr. Harkness tells me that tests made to determine the pressure 
immediately in advance of the skirt of the machine show that 
at times such pressure exceeds 150 pounds per square inch, de- 
pending, of course, upon the slump of the mortar, the volume 
of mortar in advance of the machine, the size and angle of the 
cone of the lining machine and the grade of main being lined. 
This, of course, makes for an extremely dense lining. 
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Over the outlet end of the pipe there is placed a canvas sheet 
or bag which is tied to the end of the pipe and is held close 
against the cable used for pulling the lining machine. The pur- 
pose of this bag is to create pressure on the excess mortar as it 
is extruded through the opening in the bag, thus assuring a 
continuous and uniform lining of mortar on the wall of the main. 
It can readily be seen that when the job is successfully completed 
the lining main consists of a continuous smooth bore without 
joints. 


Inspection and Curing 


After the main is lined it is important to immediately remove 
the plugs from the tees and crosses, so that they will not be 
held in position by the setting mortar. At this time inspection 
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Forced Feed Charging Riser 
Note Cable and plunger which force into the main the charge of 
mortar placed in the riser. 


by means of flashlights and mirrors is made of the interior of 
the pipe, particularly at the larger size openings, such as tees 
and crosses. Repairs, if needed, can at that time be made for 
any damage to lining due to the removal of plugs from fittings. 

As soon as this inspection is made and everything is found 
satisfactory, all openings into the pipe, including the entrance 
and exit ends, should be covered with canvas bags so as to keep 
the air from circulating through the main, and to obtain the 
benefit of the heat of crystallization of the cement mortar in 
setting and the even temperature of the soil, thereby obtaining 
ideal conditions for curing. Usually within 15 to 20 hours the 
main can be restored to service, previous to which time the 
plugs used to close the tap openings at corporation stops may be 
removed and the section of lining covering these tap openings 
cut out with either a tool or a knife. In our work at Charleston 
we used a hand tool made from old combination drills and taps, 
by sharpening the drill end and inserting a tee handle on the 
shank end. We found these very efficient and the men could 
readily drill the cement-mortar out, and at the same time clean 
the thread in the tapped holes. The corporation stops may then 
be restored and the inlet and outlet entrances used for lining, 
closed by inserting a short section of lined pipe, using a solid 
sleeve. Then the main is filled with water and allowed to cure 
a further period of from ten to twelve hours. After curing 
with water for several hours the main is ready to be restored 
to service by blowing off the curing water through hydrant 
connections or service line. 

For lining bends, off-set pipes and like fittings, the company 
has developed a special articulated short type lining machine. 


Important Considerations 


Important considerations in the process are: First, the thorough 
cleaning of the main, and as heretofore stated, the removal of 
all corporation stops and connections to the main being lined. 
Second, the quality of the sand and cement is important, as well 
as the dehydrating orifices in the skirt of the lining machine. _ 

The preparation in advance of lining and the replacing of line 
into service, requires about ninety per cent of the total time, the 
actual lining requiring only a few minutes. Usually, depending 
upon conditions, about 800 feet of main can be lined in a working 
day of eight or ten hours, but in our work at Charleston, which 
was experimental, we did not make any such progress. We had 
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distributed the work all over the city in an effort to get a com- 
prehensive picture covering all conditions from ordinary dirt 
streets with few or no services, to congested’ residential sections 
where services averaged one every twenty-five feet, and under 
— improved pavement, such as asphalt surface on concrete 
vase. 

The quality of the sand and cement used is very important 
but of course it is desirable always, if possible, to purchase 
material that is obtainable locally in the market, and this was 
the procedure at Charleston. The cement used should have a 
reasonably long initial setting time. Pennsylvania Dixie Cement 
Corp. cement, used at Charleston, S. C., had the following 
characteristics : 


Chemical Analysis: 


Silica .... 
Alumina 
ER ae ae Lae: ee 
DE iiveicnnis teetarkdheshoeaneungens 0 
CIN 0-4 iv an argd Geo Wied alrnad wich 6 Gos 
Sulphur Trioxide 
Loss on Ignition 





99.81 
PCR ee. DOMOD  6scA cb cdadsndeenbwosmenss 0.35 
Compounds. 
( 4A FE ee 6 97 
GN sicbeetaneeus Ebene teehew nant beunnien 10.97 
. Se eee . 21.16 
RP CAUNS405 Ws Wied ee edd etaweawns «was cee 
Physical Properties: 
Fineness eb eecccecceecesecececcens 934%%% through a No. 200 Sieve 
ee eg ne 1,750 sq. centimeters per gram 


Setting time, with Gilmore needle, initial 3 hours; final 5 hours 
Tensile Strength: Proportion 1 to 3 Standard Ottawa sand 
briquettes: 
250 lb.— 3 days 
340 lb.— 7 days 
430 lb.—S28 days. 


Cement was manufactured in every respect to meet the standard 
specifications for portland cement A.S.T.M., and Federal 
Specifications SS-C-19la. 

The sand used was a sand obtained locally from what is known 

as the Saukehatchie pit, located near Yemassee, S. C. The grad- 
ing test on this showed the following : 


a ree 0.49% 
28 TT Kedhacnentaedeeoakiawaii 10.58% 
. 48 TT Gi wie a abit hiaiah and water on 67.15% 
” 100 OT acetal Wp igen eon e ner 17.58% 
Passing 100 Oe ptilaias bth e Wen Saal tala 4.23% 


The sand as received had the normal pit moisture and it was 
necessary to dry and screen it. On account of not being able 
to obtain proper screens we used No. 16 mesh galvanized window 
screening and rejected all material failing to pass this mesh 
screen. The sand, after drying and screening, was sacked, using 
one cubic foot to a sack, and hauled from storage bin to the 
job. The proportions of mortar used in lining were one to two 


/ 


and the slump test averaged from 7% in. to 9 in., depending upon 

















The Important Mortar Slump Test 
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; hand or mechanical means were used in charging the 
to the main. The test of the mortar as mixed on one 
as follows. In this particular case the slump was 
tle bit in excess of what was normally used for hand 


whether. 
mortar in ‘ 
it the jobs 1S 


10 in., @ lit 


args +. asile Strength—Pounds Per Square Inch 
Surplus cement mortar 


As placed as extruded from the 

j in the Pipe main lined 

a eee 175 

in candhenbsatine 317 318 

Te aie ssnesennedeen 417 467 

TEE oc. sv enneushahsont 580 510 

a pag for the first 24 hours in moist air, remainder of the 
oo in water. 


jn our experimental work, it was our aim to place approxi- 
mately ¥4-in. thickness Of lining in the main, but we were not 
, all times able to maintain this thickness, as we had a number 
"i sections of pipe—one section of 8-in. pipe in particular—where 
ve had %-in. over nominal diameter to as low as Y%-in. under 
sominal diameter, so we necessarily had to line this section with 
fining machine not exceeding 7%2-in. in diameter, which gave 
‘sa 3/16-in. minimum and a 5/16-in. maximum lining; but 
enerally we obtained very close to %4-in. thickness of lining. 
This is probably somewhat thicker than necessary, for we believe 
; 3/16-in. lining is just as good and probably as easy to obtain, 
srovided, of course, you have a regular bore in the main to be 
lined. ; é : 
The quantity of cement-mortar required to be introduced into 
he main varied with the diameter and averaged as follows for 
, section of 350 feet: 


De SE, vies cuinendadaceneeuseannee 105 feet 
i: MO oc. cap dune wet he aneke aaa 80 feet 
Di, GRE bon bin beescnentadenseonedees 60 feet 


In all cases this quantity of mortar gave sufficient mortar to 
line the pipe completely, together with any connecting branches 
‘or hydrants, street crosses and tees, and an ample surplus ex- 
truded from the outlet end of the main. 


AHainments and Results 


Statistical data as to location, diameter, and condition of the 
mains before cleaning, and after cleaning and lining, appears in 
> b c hl ” 

an accompanying table. It will be noted that the value of “C” on 
nominal diameter of pipe was as low as 33 for a 4-in. main 
before lining, to a maximum of 128 on an 8-in. main after clean- 
ing and lining. Expressed in per cent increased carrying capacity, 
the gains due to lining ran from 210 to 280 per cent. The age 
f pipe varied from twenty years to sixty years. Measurements 
to determine the value of “C” were based upon the actual 
“measurement of water through a velocity type of ieter, the 
piezometric head being measured with mercury or acetylene tetra- 
bromide fluid in the U tube. The length of pipe involved in the 
tests varied from 172 feet to a maximum of 358 feet. All of 
. these valves are based on the nominal diameter of the pipe, since 
we were not particularly interested in the academic question of 
such values based on the actual diameter of the cement-lined 
main. In one case, however, we did measure the diameter of the 
main after cleaning and determined the value of “C,” which in 
this particular case was 140. This was a 4-in. pipe with actual 
inside diameter of 3.36 in. after lining, the reduction in area 
being 29.6 per cent. The actual discharge through the 4-in. main 
before lining was 130,700 gallons per 24 hours with a loss of 
head of 67.3 feet per 1000 feet of pipe. After cleaning and lining, 
with a loss of head of 66.8 feet per 1000 feet, the delivery per 
24 hours was 316,400 gallons, or an increase in the delivery 
capacity of 240 per cent. 

With the use of the hand charging and a high slump (9-in. to 
10-in), there is considerable semi-laitance material squeezed 
through the dehydrating orifices so that there is a flat segment 
left in the bottom of the pipe. This material is of about the 
same nature as the mortar used in lining the pipe, but neverthe- 
less this segmental area is objectionable to the extent that it does 
reduce the area of the pipe, and the desirable condition would 
be to reduce it to the irreducible minimum. To accomplish this, 
it is desirable to use as low a slump test as possible, and this 
requires the use of a mechanical charging device. 


Costs 


The cost of the work ran from about 4% to % the cost of 
replacement of the main, and of course varied with the kind of 
paving, number of services, hydrant and street crossing connec- 
tions. It can be readily seen that the cost of cleaning and lining 
8-in. main is relatively much cheaper per foot than the 4-in. or 
6-in. main as the cost of opening up the paving in the street for 
introducing the cleaning scrapers, cement-mortar and lining 
machine, service, hydrant, and street crossing connections, is 
practically the same without regard to the size of the main lined. 
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The time of cleaning and lining is relatively the same, and there- 
fore the only increased cost in lining 8-in. main over 4-in. and 
6-in. main is the cost of the material required and the cost of 
the larger equipment. Actually in our trial projects at Charles- 
ton, based upon the condition under which the work was done, 
the cost of the work was as follows: 

4-in. main: Per ft. 

Sand asphalt penetration pavement, with taps averaging 


GUE SE OE Or i hi on ob hc hncereccdacseecs eeeces $0.55 
Unpaved street, with few services, little traffic, this cost 
ET wav bicu nn s60sieacauen cena lxne cobeesauracee AS 


6-in, main: 
Paved territory, asphalt concrete base, services averaging 
every 30 feet apart ‘ 
Open territory, tmpnved streets. ..... cece coscsccccccscess 46 


ee ee 

















Sections of 6-Inch Main Before and After 


Note the lined section at the top, showing the bottom segment of 
semi-laitance which should be kept to a minimum. 


8-in. main: 
Paved street, asphalt concrete base, with services averag- 
NE I HI as 58 eciescecn ceavinne taaneanelieeen. 
Unpaved streets, minimum number of services........... 50 
These costs included the cost of opening up the street and 
replacing the paving in every case,’ and in residential sections 
where there were numerous services, the installation of a 2-in. 
galvanized main at the curb, with connections to receive water 
at each end, and the connection of the service pipes to this 
temporary main. It does not include any cost for the material 
used in making these temporary connections, and the figures 
given in this tabulation are averaged for the work. The maxi- 
mum, at times, went to probably 50 per cent above these averages. 
This, however, was an exceptional case where the main was 
sixty years old, and was very much deteriorated due to the 
soil corrosion; and the further fact was that it was a very thin 
cross-section, walls being less than 3¢-in. thick in places. The 
average depth of the main was 36-in. cover. 


Conclusions 


Attainments from our trial projects in Charleston have been 
very satisfactory indeed, and we have no hesitancy in saying that 
we will do additional lining as soon as we can, and financial 
conditions allow it. We have received very complimentary re- 
marks from the consumers along the lines which we have lined 
in that the volume of the water has been increased and they do 
not suffer from the periodic disturbances and roily water as 
formerly when ex¢essive drafts occurred. 


Some Pertinent Considerations 


To reduce the segment of material passing through the de- 
hydrating orifices of the lining machine it is desirable to main- 
tain as low a mortar slump test as possible. To that extent we 
feel that the introduction of some plastercizing material such 
as Celite, Duracrete, or even hydrated lime, would be desirable 
in that it would give a more plastic and buttery mass than the 
straight Portland cement and sand. The introduction of this 
inert material would probably slightly reduce the strength of 
the mortar on a tensile test but as we see the picture this is 
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Tabulation of Information and Results 


Lining 4-inch, 6-inch, and 8-inch Cast Iron Mains in Place by Tate Linings, Inc., of Andover, Mass 


Durant Ave., North Charleston: 
Before Lining 
After Lining 

Charlotte St., Washington to Concord: 
Before Lining 
After Lining ‘ 

Prioleau St., Tradd to S. ( 
Before Lining 
\fter Lining = tes 

Legare St., Tradd to South Battery: 
Before Lining 
\fter Lining ; 

King St., Broad to South Battery: 
Before Lining 
After Lining ee 

East Bay Street, Broad to Tradd: 
Before Lining 
After Lining 

East Bay St., Tradd to Water: 


Before Lining (No Test)........... 
6 ge Pe Poa 
East Bay St., Water to Atlantic: 


Before Lining (No Test) 
After Lining 
Hackemann Ave., Meeting to Fourth St.: 
Before Lining 
After Lining 
Hampton Ave., Meeting to Fourth St.: 
Before Lining 
After Lining 


Nominal 
Diameter 


Ageof Pipe Lined Tested _ 


8 in. 


60 yrs 
6 in 


60 yrs. 
6 in. 
OO yrs. 
8 in. 
60 yrs. 
6 in 
ov yrs. 
6 in. 
ov yrs. 


4 in. 











Tate Lining Machines 
(Left) Machine for straight-away pipe lining. 





Lin. Ft. Lin. Ft. 


ot of 
Pipe Pipe 


3450.50 5 
358 
652.70 257 
257 
688.00 244.7 
303.0 
1255.00 271.0 
271.0 
2029.10 328.0 
328.0 
600.00 351.0 
296.0 
789.4 bs 
206 
195.6 
172 
1143.54 300 
300 
1205.32 286 
286 


Flow 
Cu Ft. 


per 


Minute 24Hrs. of Pipe 


32.47 
32.63 


43.26 
41.28 


40.52 
36.40 


“NS 


St te 


Jl 
] 


w Ww 


8 


34.1 
36.33 


38.78 
39.45 


(Age of Pipe 20 to 60 Y ears—Total Feet 12,009) 


1000 
Gallons 
per 


350 
351 


466 
445 


436 
392 


368 
379 


368 
392 


417 
425 
“418 
"362 
116 
287 


130.7 
316.4 


Loss 


ae Average _ ae 
of Heac Value of “C” P 
per Nominal Diameter “ 
1000 ft. Hazen & Williams Improy 
Formula ment 
7.1 5. 
1.77 112 210 
12.9 51 
2.125 128 251 
81.4 39 
12.0 98 251 
37.35 50 
8.33 117 234 
46.3 44 
9 45 113 257 
17.5 40 
25] 112 220 
10.31 113 
10.85 95 
67.9 33 
69.7 81 245 
67.3 37 
66.8 88 238 





(Right) Articulated machine for bends or crooked lines 
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al as long as the mortar has sufficient strength, cohesion, 

1 stability to adhere and maintain the arch in the main. Our 
_ viments show that by the use of such plastercizing material 
myo much reduced slump test can be had. 


Use of Graded or Kiln-Dried Sand 


t results, we believe it would be advisable 
to pay considerably more attention to the grading of the sand, 
ven to the extent of having it kiln-dried and graded. Since 
completing the Charleston work, this was demonstrated con- 
ee orm I think, in the work done by Tate Pipe Linings, Inc., 
at Falmouth, Mass. In that project, kiln dried and graded sand, 
put up by the material contractor in cubic-foot sacks, was used. 


Analysis of that sand, as furnished by the Tate people, is as 


follows: 


jmmater! 


To obtain the bes 


Percentage Retained 


Mesh 

ne seer er are 0.5 
eer. t 10 
BP cctcsnacdeike ecb seas 35 
Se. cicnveenetousenawawe os 16 
TD, ian hae be sacceney ears ears 26 
OU 0 nt ean Ca sees RaRee y 

oe er / 

BU ss io aistsin occ a a cecil 0.5 


The advantages of using kiln-dried and graded sand are that 
vou can better control cement-water ratio and obtain the grade 
of aggregate that you desire; and, since the sand cost is such 
a small percentage of the total cost, the additional expense of 
kiln drying and grading is not of moment. 


Necessity of Lining 

A survey‘ of water supply facilities of the United States, 
1939, shows that there are 12,760 water works plants in the 
United States, serving 13,293 communities. Of the total number 
of water supply systems, 8483 obtain water from either driven, 
bored, or shallow dug wells, springs or infiltration galleries ; and 
3123 from surface supplies such as streams and lakes. There are 
2188 systems having filter plants. 

It has been recognized for a number of years that the process 
of treating and filtering water disturbs the chemical balance of 
the water, making it more aggressive. Filtration engineers and 
chemists have corrected this to a great extent by treatment, but 
there is evidence that tuberculation is not always completely 
checked by such treatment. Estimate of the mileage of mains, 
based upon the 1930 census and the known mileage of mains in 


*some fifty-three cities and urban communities, brought up to 


July, 1939, indicates that there are in continental United States 
not less than 224,000 miles of cast-iron water mains 4 in. and 
above in size. We estimate that at least 90 per cent, or 200,000 


miles, are from 4 in. to 12 in. in diameter, so it can readily be 


R-101 


seen that with the known active or aggressive waters throughout 
the country there is a large field and necessity for the restoration 
of carrying capacity of the mains now laid and in service. The 
reconditioning of these water mains in place means that their 
functional life will be increased from a few years to probably 
as many as fifty years, depending upon their present age. The 
process should effect a considerable economic saving to water 
companies and municipalities throughout the United States. 


Permanency of Lining 


There has been considerable discussion among engineers and 
chemists as to the permanency of cement-mortar lining, particu- 
larly due to the leaching or dissolving out of the calcium content 
of the cement, destroying the stability of the mortar. Time, 
which is the test of all material things, indicates that this de- 
terioration is much like Mark Twain’s death, “very greatly exag- 
gerated,” for we have records of cement-mortar lined water 
mains and service pipe laid in New England, sixty years of age 
or older, that are still in service and going strong. 


Size of Mains That Can Be Tate Lined 


Representatives of the Tate company tell me that the largest 
main that they have yet lined in the shop is 15-in.; and I can 
see no reason why in-place lining cannot be carried out suc- 
cessfully up to 12-in. diameter pipe. The difficulty of lining 
larger mains by the Tate process, as we see it, is maintaining a 
satisfactory plug or volume of cement mortar to fill the cross- 
section of the main in advance of the lining machine. We under- 
stand, now, that a type of dam or baffle has been devised to 
maintain the desired mortar plug under compression ahead of 
the lining machine. 

There are, so far as we are aware, only two companies at- 
tempting to recondition or line mains in position. They are the 
Tate Pipe Linings, Inc., of Andover, Mass., for mains from 6 
to 12 in. in diameter, and the Centriline Corp. of New York, a 
new company that has just recently been organized by T. A. 
Gillespie, the Lock Joint Pipe Co. and the Raymond Concrete 
Pile Co., who have taken over the patents of the Perkins process 
for lining steel and cast-iron mains of large diameter with 
cement-mortar. This work has formerly been done by the T. A. 
Gillespie Co. 
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DETERMINING COST OF PUMPING WATER* 


Frequently it is desirable to determine the cost of pumping 


water within reasonably close limits. 


The following formulas 


will give the approximate cost of operation per hour for any 
given condition, based upon the cost per kilowatt hour, per gal- 


lon of fuel or cubic foot of gas. 


(1) Electric Power— 


Cost per hour of operation = 
GPM X Total Dynamic Head in Feet X .746 X rate per KWHr. 





3960 X Overall Pump Efficiency X Motor Efficiency 


For example assume 1,000 GPM, 80-foot total dynamic head, 
70% Overall Pump Efficiency, 90% Motor Efficiency and cost 
of 2c per KWHr. 

1000 x 80 X .746 X .02 


3960 X .90 


= 47.84c per hour 





.70 X 


(2) Diesel Engines (based upon an average fuel requirement 
of .065 gallons of Diesel fuel per HP Hour). 


Cost per hour of operation = 
GPM X Total Dynamic Head in Feet X .065 X Cost of fuel per gal. 





3960 X Overall Pump Efficiency 


For example assume 1,000 GPM, 80-foot total dynamic head, 
70% Overall Pump Efficiency and cost of fuel at 8c per gallon. 


1000 X 80 X .065 X .08 
3960 X .70 


(3) Gasoline Engines (based upon an average fuel requirement 
of .110 gallons of gasoline per horsepower hour). 


= 15c per hour 





Cost per hour of operation = 
GPM X Total Dynamic Head in Feet X .110 X Cost of fuel per gal. 





3960 X Overa'l Pump Efficiency 


For example assume 1,000 GPM, 80-foot total Dynamic Head, 
70% Overall Pump Efficiency and cost of gasoline at 20c per 
allon. 
. 1000 x 80 X .110 X .20 
3960 X .70 


The above formulas give the approximate operating costs per 
hour without taking into consideration the initial cost of the 
tlant, maintenance or man-hour cost of operating the plant. 


= 638c per hour 





*Reprinted from Layne and Bowler’s Pump Bulletin 4-42 
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M & H VALVE AND FITTINGS COMPANY 


ANNISTON, ALABAMA 7 





VALVES, HYDRANTS AND WATER WORKS ACCESSORIES | 


Efficient domestic water systems, sanitary sewage systems, and fire pro- 
tection for municipalities involve a great number of control valves and hy. 


drants. 


M & H products with their record of high quality, rugged strength and 


dependability can safely be recommended. 


The Mark 
of Quality 





1 





M & H FIRE HYDRANTS 


Conform to latest A.W.W.A. specifications. Simple, rugged 
design minimizes maintenance costs. Features are: 


1. Dry Top—Operating threads protected from action of 
water. No rust, corrosion or freezing. 
2. Easy Lubrication of operating nut, threads and pack- 
ing through lubricating screw in top of operating nut. 
3. Revolving Head, outlets faced in any direction. 
1. Addition of Steamer Nozzle, without digging up 
hydrant or requiring complete new barrel. 
5. Lengthening of Hydrant without digging up or requiring 
complete new barrel. 
6. Double Lead Gaskets on Bronze valve seat. 
7. Removal of Bronze Seat, or any working part, without 
digging up Hydrant. 
8. Double Drain Valves, absolutely positive, 
quick and complete draining of Hydrant. 
9. Lugs on Bell of Hydrant Shoe for strapping to the water 
main, if desired. 
10. Compression Type. 


insuring 


Water pressure keeps valve tight. 


SPECIAL TRAFFIC MODEL FIRE HYDRANT 


Equipped with cast iron bolts and breakable coupling 
on the stem. Breakage due to traffic collision is limited 
to these cast iron parts which are easily and quickly re- 
placed without shutting off the pressure. 
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M & H A.W.W.A. GATE VALVES ‘ 


Iron body, bronze mounted gate valves are furnished in 
the double dise parallel seat or solid wedge types with nop. 
rising stem, outside screw and yoke, or with sliding stem 
and lever. Supplied to fit any standardized pipe conne. 
tions. By-pass valves can be furnished, unless otherwis 
specified, in sizes according to A.W.W.A. specifications, 


SPECIAL TYPES | 


Hydraulically Operated: for remote control of operation 
and for quicker, easier opening or closing. Can be sup. 
plied in any of the standard sizes of M & H A.W.W.A, gate 
valves, either high or low pressure. 


M & H Square Bottom Gate Valves: specially designed for 
operation in any position. Particularly recommended for | 
use in intake towers or at the foot of dams; for pressure 
regulation by throttling the flow of water in centrifugsl 
pump discharge lines; for regulation of flow in feed line ¢ 
to a filter bed; and for flow regulation from a reservoir 
where there is unbalanced pressure against the gates, 


PRESSURE CLASSIFICATION—2” TO 30” SIZES 


Class Working Pressure Hydrostatic Test 
AA 0- 25 Ib. 50 Ib. 
A 26- 50 Ib. 100 Ib. 
B 51-100 Ib. 200 Ib: 
Cc 101 - 200 Ib. 350 Ib. 


CHECK VALVES 


For intsallation in 
horizontal or vertical 
position. Can be sup- 
plied with by-passes. 
May be _ furnished 
with an outside lever 
and weight. Sizes 
from 2” to 12” for 
working pressure up 
to 200 Ibs. 





OTHER PRODUCTS 


Tapping Valves 
Mud Valves 
Shear Gates 
Flap Valves 
Wall Castings 
Floor Stands 


Flanged Fittings 

Flange and Flare Fittings 
B & S Fittings 
Cutting-In Tees 

Valve Boxes 

Special Castings 
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GATE VALVE CARE AND MAINTENANCE 


By ROGER W. ESTY 


Superintendent, Water and Sewer Board, Danvers, Mass. 


Too. commonly, one of the most neglected of the routine op- 
erations in a water works system is the care and maintenance 
of gate valves. In some of the larger cities there are mainte- 
nance crews created particularly for this type of work. The 
crew is generally made up of some of the older men who are 
experienced in this work, due to their long service with the de- 
partment or the water company. 

They are furnished with a truck equipped with all the neces- 
sary tools, wrenches and spare parts, and they may also have 
built into ‘the truck a mechanical operating device to open and 
close the gate valves. Smaller towns are more often than not 
unable to give proper attention to their gates, due primarily to 
lack of sufficient man-power to do this work and carry on the 
many other essential activities common to a water works plant. 





Valve Box Settings 


On the left is a setting as it is pictured 
in catalogs, and ge nerally installed. To my 
way of thinking, the me thod of putting the 
valve nut-up in the contracted section is 
improper. On the right is a suggested bet- 
ter way for the several reasons cited in the 
text. Possibly this may suggest an advan- 
tage to be gained in an improved design of 
this type of box to give better overall 
Service. 


My water works experience goes back over a period of 27 
years. During that time I have located, measured and plotted 
onto cards and maps every hydrant, gate valve, and all of the 
pipe in our system. I have opened and closed every gate valve 
many times. It was 20 years ago that we first had a water 
waste survey made of our system and, as many know, this 
necessitates the opening and closing of essentially every gate 
valve in the system. This type of work we have continued every 
second year since, which affords added opportunities of locating 
and operating all of our gate valves. 


Main Flushing Reveals Gate Valve Conditions 


Occasionally our piping system is entirely flushed out, street 
by street, and this again means the operating of nearly every 
gate valve, and some have to be opened and closed several times 
during this flushing operation if properly conducted. 

From this work experience is gained in the knowledge of 
what to expect of gate valves and the remedies that are used 
in perfecting their operation. 
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Stiff Operation a Main Trouble 


One of the main difficulties, if not the main difficulty, we find§ 
with gate valves is that they turn hard. As years go on, if such} 
valves are not operated occasionally they become more difficult} 
to operate and in some cities and towns it takes two men, or) 
even as many as four and six men, to close down a gate valve} 
even during a testing period. 

My experience does not go beyond a 20-inch gate valve, but | 
it seems to me that the same principles and characteristics are} 
applicable to all sizes. 

A great deal of the indifference toward gate maintenance can} 
be traced to the swivel chair operator. By that I mean the man} 
in charge of the water works who has never experienced the 
opening and closing of all of the gate valves in his system. If} 
he made tests of his system, such as a water waste survey, and 
had to work all night opening and closing these gate valves} 
himself, he would soon issue an order to do something about} 
making them operate easier. But generally, it is below his dig-} 
nity to leave his swivel chair to do this type of work, to find§ 
out first hand the physical condition of his system. He doesn’t} 
care; he doesn’t have to operate them; let the men do it, = 
if it does take two, four or six to do ‘the job. 


i 
+ 
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The Remedy 


What are the difficulties we encounter; what causes them, and 
how can they be remedied? Why should it take four men to 
close a gate valve when one man should do it? 

Why do stems get bent and broken? What is the cause of] 
all this? Is it because the mechanism is not correct in design, 
or that the mechanism is not made heavy enough? I feel that} 
the manufacturers as a general rule put on the market a gate} 
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A photographic attempt to indicate the 
advantage of setting the box bonnet higher, 
giving more clearance between box walls 
and nut and stem of the valve. The usual 
setting (left) is in truth a “rock trap,” 
while the other permits rocks to pass by; 
also makes for easier key connection with 
the nut should the box become off-center. 











valve that will meet all reasonable conditions according to our 
water works standard specifications. However, I do think the 
manufacturers do lose sight of one very important factor, anc 
that factor is the packing, and in my opinion, if improper ot 
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neglected packing is not the direct cause, it is at least the seat 


of 90 per cent of all gate valve troubles. 


Many ask, why does the packing have such an important 
Well, the 
This dry packing 


bearing on the ease of operation of the gate valve? 
packing gets dry and hard as the years go on. 
acts as a brake on the valve stem. 

Take, for instance, your automobile—the brake linings are dry 
and the brake drum of the wheel is smooth and dry. When the 
pressure is exerted against one another it creates friction, and 
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Danvers’ Alemite Lubricating Outfit 
Servicing a Geared Valve. 


this friction creates your braking or stopping power. Some- 
times at high speeds this friction actually locks the wheels and 
causes fatal accidents. 

On the other hand, pack the brake drums with grease and 
then attempt to stop your car. The grease eliminates the fric- 
tion, therefore there is no friction created to stop your car. 

Take a rope and wind it around an inch pipe three or four 
times and draw it tight and then attempt to turn the pipe. You 
will find you can’t do it. Then grease the rope thoroughly and 
you will find that you can turn the pipe very easily. Try it for 
your own satisfaction. 

Did you ever try holding an eel in your hand? If you have, 
you probably found that it was nearly impossible to hold it 
because it was so slippery. If you can get your gate valve 
stem and packing in the slippery condition you find the eel, 
you'll have no more hard turning gate valves. 

However, there is a difference in the mechanism in some of 
the gate valves and one make may operate a little different 
than another make when new. But on the whole, modern gate 
valves should operate more or less in the same easy manner. 


A Case of Proof 


Several years ago, while making a water waste survey during 
nights, we came across a 12-inch gate most difficult to operate. 
It took the combined efforts of two of us to open and close the 
gate. The next day I had the gate dug up and repacked. It 
seems hardly believable, but it could then be turned with just 
one finger against the cross-bar of the gate key. 

Such ease of operation surely saves breaking or bending the 
valve stems and makes the operation of the gate a pleasure 
instead of a dreaded job. 


Some Packing Pointers 


On many of our gate valves and nearly all of our hydrants 
we have removed the original braided packing and inserted a 
metallic plastic packing, with two or three strands of flax string 
type packing on top to keep it from squeezing out when the 
packing gland is tightened down. 

After taking out all of the braided packing, we squirt down 
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around the stem near the packing plate some kerosene or light 
lubricating oil. We then fill up the stuffing box with a metallic 
packing that comes in a loose plastic form or in string form 
We then put on the stuffing box follower and tighten it down. 
We then open and close the valve a few turns and then tighten 
it some more. If it needs a little more packing we insert some 
and go through the operation again. This method has solved 
our packing problems and made hard turning gate valves easy 
turning, and makes fun out of a disagreeable job. ‘ 


The Larger Valves 


In the large gates we drill a hole through the packing plate 
and insert an alemite fitting. These gate valves still have the 
braided packing in the packing box. By connecting a grease 
gun to this fitting we can apply by means of our air compressor 
about 3,500 pounds pressure and this forces the grease in and 
around the stem and packing and does a very satisfactory job 
of lubricating. 

It does such a good job on these gate valves that it is a 
monotonous one man job of opening and closing the valve when 
testing; in fact, a boy 10 years old can operate the valve. 

Large gate valves should have an ample size manhole con- 
structed around them so that a man can get down to the gate 
and repack it. Smaller gates can be handled more economically by 
using a 5'%4 or 7-inch valve box over the gate with the cover 
flush with the road. 

The gears of a geared gate should be enclosed in a housing 
with the gears running in oil. If the gears are not housed then 
they will collect rust and dirt in between the gears or teeth, 
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Danvers’ Method of Marking Street Gate 
Locations. 

Yellow figures stenciled on black field on 
nearest pole. 


making them fit tight and bind, causing the gate to operate hard. 
Dirt falling down into the hole when the cover is picked up 
causes some of this trouble. 

We have eleven 20-inch open geared gates and we wish we 
had purchased the oil enclosed style. That surely was an error 
on our part, but our experience with them has taught us to 
advise others to buy the oil enclosed style. 

We have constructed a shield that fits over the gears and the 
operating nut and fastens to the bolts holding the stuffing box 
to the bonnet of the gate. This has proved very satisfactory 
and the dirt does not get into the gears. This gives us the 
opportunity to keep them well greased. 


Improper Valve Box Setting 


Many gate valve catalogues show what, in my opinion and 
experience, is an improper method of setting the box over the 
gate. Pick up any catalogue and turn to the gate box section 
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aowing the 5% or 7-inch box. You will notice that the base object and nail on the metal numbers that have been sprayed 
— ts down over the top of the gate so that the base of _ with an orange colored paint. The contrast makes it conspicuous 
of , oy even with the flange in the center of the gate. Then from any other type of marking. 

~~ aoe section, or middle section, is set onto the base, leaving 7- 
= operating nut up in this section. ; 
"a contention of it being an improper setting and causing 
; maintenance troubles is that if rocks do get into the boxes (and 
F the kids sure do put them in sometimes), that the rock cannot 
fe jown past the operating nut. It gets wedged in so hard 
2 times that it is impossible to get the key onto the operating 


somet! A : 
a and if you do, you cannot turn it. lf the box is pushed 
T » : 7 


Removing Recalcitrant Box Covers 


Sometimes the gate box cover gets sealed in with tar, or in 
the winter is frozen in. This can be very easily overcome by 
pouring a little gasoline on it and setting it on fire. In a few 
moments the cover can be easily removed. 

Quite often it is found difficult to close the gate tightly. This 
htly, the box then comes up against the operating #8 — caused by ee 4 = — — - 

paren’ » how : i seat. y opening and closing several times this incrustation 
io pelting, Ge gute Day Gale She cousnieng. nat breaks off and the velocity of the water between the gate and 
the seat of the valve will most always flush out, allowing the 
gates to eventually properly seat and closing off entirely the 
flow of water. 

Gate valve work is not expensive. It is a tedious job but can 
be made very interesting by the various things that have to be 
done, such as checking measurements, marking poles or build- 
ings, opening and closing, repacking, and the resetting of the 
gate box at higher elevation. 


to one side slig 
and preven . 
he other hand, the base or pot is set so that the base is 


) up at the level of the stuffing box plate, rocks then can roll to 
| one side into the base, and if the box is tipped there is a greater 
possibility of getting the gate key onto the operating nut. 
In my opinion, box setting is a very important part a 
vate maintenance work, 
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Location Records 























Location plans of gate valves should be carefully prepared and If a few of these suggestions are followed, most of your 
measurements should be taken from permanent benches, such as gate valve worries will be a thing of the past: 
to other gate valves, hydrants, catch basin grates, manhole covers, Good plans and measurements. _ 
curbs, etc., and not from telephone poles, trees, walls, fences, etc. Stencilled or metallic reference numbers on poles, buildings, 
These measurements should be on cards and on sheets in _ ete. 
bound books for quick reference. Each should have a number Gate box covers flush with the surface of the ground. 
and these can be painted on the underneath side of the valve The base of the box well above the center flange of the valve. 
box cover if desired. Opening and closing each valve on a yearly schedule. 
Stencilling of measurements onto buildings, poles, etc., are Last, and the most important, proper packing and lubrication. 
| helpful for quick locating. Numbers can be nailed onto poles And a good motto is: 
| or buildings that will stay on as long as the pole or building “More turning of gate stems and less of swivel chair stems.” 
remains in place. We paint a black square on the reference “Know your gate valves!” 
Thickness and Weight of Sheets Thickness of 
and Plates Wire 
U.S.Standard Gauge Do American or || Wash- 
Adopted by U.S. | Birmingham Brown & | burn & 00 
Government | or Stubs’ Sharpe’s Moen 
July 1, 1893 | Gauge Gauge Gauge 
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Thickness, | Pounds, nds, Pounds, ee 
a Inches | sa. [Inches sa. Ft. Inches so he, ||lnches | GAUGES* 
+ |.5000 | 20.4 |..... ae Se po re ee : 
13 | 46875] 19.125]... | labia 580 | 23.6 |..... Sheets, Plates 
{4375 | 17.85 |... suet 5165] 21.0 ||... $y 2 
13 | 40625) 16.575] .454) 18.5 |.46 | 18.71 ||.3938 and Wire 
¢ |1375 | 15.30 | .425 17-28 |-409 | 16.71 |... . 
| 44 |.343 | 14.025) .38 | 15.45 |. 14.88 ||. » , 
. 319 12°75 | 34 | 13.82 | 324 | 13 26 || 307 Sheet mills roll steel sheets to 
ag | 281 | 11.475) .30 | 12.20 |.289 | 11.80 |}. 283 U. S. gauge unless otherwise or- 
4; = >| oo ee pot . = co 4 dered. Plate mills usually roll 
31.25 | 1 1 44 heavy plates, %¢ and heavier, and 
i |'234 | 9/562) (238) 9.68 | 201 | 8.34 || 225 @: aoe shee Fgh galige oe ge 
vs |.218 | 8.925 .22| 8.95|.181 | 7.42 ||.207 ae , And 
| | Birmingham gauge. In figuring 
13 |.203 | 8.287) .203] 8.25 |.162| 6.61 ||.192 3 6 weights of steel plates add to” 
vs | 87 | 7.65) 18 | 7.32/14 | 9.89 |. 17 @: Sere & oe 
7 J, ; 7 . Nae 
fe [156 | 6.375] 1148} 6.02|.114| 4.67 ||148 ——2 os by Association 
10a |.140 | 5.737 .134) 5.45 |.101| 4.16/.135 @ 4 merican Steel Manufacturers. 
10 ae 11) 4 |.125 5.1 12/1 4.88 1.09 3 70 ||.120 All steel shee*s in our *stock are 
12) ur |.109 | 4.462) - 109) 4.43 |.08 3.30 |}. 105 g rolled to the U. S. Standard 
 emeseegmmaes, 13) 3 om —_ .095| 3.86 oe 2.94 ||.092 Geum. Dem bce & Oe 
ake aa 14) 4, |.078 | 3.187) .083| 3.37 |.064 | 2.62 |/.080 @ 0 ness by Brown & Sharpe’s Ameri- 
15x85 |.070 | 2.868 .072} 2.93 |.057| 2.33 |. 072 @ 1 <2" Gauge. Copper is rolled to 
ail 16) 35 |. 062 2.55 | 065 2.64 5 2.07 063 thickness by Stubs’ or Birming- 
17| +85 |.056 | 2.295) . 36 |. 85 ||. 2 hb ; 
ETE 18 A" |'05, | 2.01 | 049] 1.99 [04 | 1.64 |.017 © | ham Gauge 
a 19 +35 |.043 | 1.785] .042} 1.71|.035 | 1.46]|.041 @ 13  * From Link-Belt Catalog. 
20\.;'; |.037 | 1.53 | .035| 1.42 |.032|} 1.31].085 @ 4 
i eealimiial 21| aut, | 034 1.402 7” 1.30 |-028 | 1.16 {032 9 
FS 
u 22! st | 031 1.275) .028} 1.14| .025} 1.03 ||..... e 16 
ciated 23] 585 |.028 | 1.147) .025) 1.02/ .022} .922)..... ent 
19 au 24 i |.025 | 1.02 | = .895} .020) .82 | Spee 
20 25) 545 |.021 892, .02 | .813, 017, .73 ||... e 18 
. 26] +35 |.018 -765| 018, .732) .015, 649)... e 19 
—_ 27] aut; |.017 701.016} .651| .014) 579)... . a 
(eee 28| wi, |.015 637| .014| 1569) .012/ 514)... 
3 29) +8, |.014 573) .013)....... | O11; “46ll, | ° 2 
, * ee 30) si | 012 |) @m......, O1| 408! ... 
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RENSSELAER VALVE CO., TROY, NEW YORK 


BRANCH OFFICES 


ATLANTA, GA., Rhodes-Haverty Building HAVERHILL, MASS., Coombs Building SAN FRANCISCO, CAL., 115 Townsend | 
CHICAGO, ILL., Monadnock Building LOS ANGELES, CAL., Suway Terminal Building SEATTLE, WASH., 2726 First Avenue 5.) 
PITTSBURGH, PA., Oliver Building 


- DIRECT REPRESENTATIVES 
—— JZ, 
cm . NEW YORK, N. Y.—50 Church Street ROCHESTER, N. Y., 26 Culver Parkway 
WATER SUPPLY SoaRD ¢ (Mr. J. E. Williamson) (Mr. J. E. Ten Eyck) 
- PHILADELPHIA, PA., 14 Rockhill Road, OKLAHOMA CITY, OKLA., Braniff Buildin 
Bala-Cynwyd (Mr. R. W. Turner) (Mr. E. J. Connelly) ] 


WACO, TEXAS (Rohan Co.) 





Dean Valve Closing Device from power Please address all inquiries to nearest Branch Office or Representative 


take-off. 





Valve with Bevel Gearing, Grease Case and By-pass. 





Tapping Sleeve and Valve, 





Outside Screw and Yoke Valve. 





List 340 Clearway Quiet Closing Check Valve. 





Fig. 372 Air and Vacuum and uf 
Release Valve and Cut-off Valve. § 





OS&Y Valve with Motor Motor Operated Floor 
Operating Unit; Mechanical Stand with Integral j 
Position Indicator and Stem Control Equipment. 
Cover. ’ 
Hydraulically Operated Valve ; 
with Square Bottom Note: We also make many other types and sizes of valves Floor Stand with Ball Bearing, 
construction. and accessory equipment. Please write for information. Grease Fittings and Indicator 
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HYDRANT MAINTENANCE 


By E. T. CRANCH 


Former President and Manager, New Rochelle Water Co., New Rochelle, N. Y. 
Now Director Public Works, New Rochelle, N. Y. : 


OOD housekeeping is always essential. Women are judged 
by the manner in which they keep their homes—neatness, if 
you please. Neatness in water works operation should also. be 
considered essential, and perhaps we should ask for the ladies’ 
advice on our water works “housekeeping” more often than 


we do. 


The Hydrant as a Symbol 


Fire hydrants are, without doubt, the most conspicuous and 
most frequently commented on part of any water works plant. 
Yet too often these symbols of the water utility suffer from 
neglect. In the good old days when one could tour the country 
without worrying about gasoline and tires it was always refresh- 
ing to come to a town with bright, freshly painted hydrants, and 
these always stood out in sharp contrast to the many communi- 
ties where the hydrants were drab and neglected. We in the 
water works fraternity should practice “good housekeeping” for 
our satisfaction as well as for the impression it makes on others. 


Paying Procedure 


Twice each year every fire hydrant should be given a routine 
inspection—once in the spring and once in the fall. This inspec- 
tion should include a pressure test. This test is important for 
three reasons: it checks on the closing of the drip valve, it re- 
veals any cracks which may have developed from either freezing 
or external damage, and it proves whether the nozzles are tight. 
When you first apply the pressure test, always stand back of 
the hydrant. We have seen serious injury caused by a nozzle 
flying off and striking a man in the stomach. 

Outside of the condition of the hydrant, the pressure test also 
at times gives valuable information as to underground leaks. The 
pressure observed should always be compared with that recorded 











A dependable worker given a thoroughly equipped truck for 
hydrant and valve maintenance work represents money well 
spent 
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on previous tests. If there is any material reduction, the matter 
should be at once investigated, This method has sometimes given 
the first clue to locating serious underground leakage. 


Importance of Lateral Valves 
And Their Maintenance 


Every hydrant should be equipped with a gate valve on the 
lateral. This is essential to the efficient operation of any water 
works system. Otherwise a damaged hydrant may necessitate 
the shutting down of a considerable length of street main and 


THE NEW ROCHELLE WATER CO., 
NEW ROCHELLE DIVISION 
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DAILY HYDRANT REPORT 







Unusual 
Repairs 


No. : 

oe Time 
TREET Press 

sad s oi Taken 


Hyd. 


New Bolts 
Numbered 





ron @ im. 4-37 


Fig. 1—Daily Hydrant Report Form Used for Recording 
Routine Maintenance Inspection and Repairs. 


the putting out of service of several other hydrants while repairs 
are being made to one. This might easily prove very embar- 
rassing to a water department as well as a water company, espe- 
cially if a hydrant is damaged during a large fire. If any munici- 
pality still has hydrants without a gate valve on the lateral we 
strongly recommend that such gate valves be installed at the 
first opportunity they can be obtained. 


Report Records 


Figure 1 is a form of daily report for work on hydrants which 
we have found very satisfactory. It will be noted that this form 
calls for “No. of Hyd.” We have found it convenient to number 
all of our hydrants serially. This number is stenciled at the 
base of the hydrant on the side facing the street. Figures about 
2 inches high are used. It will be noted that following the pres- 
sure column (“Press.”) there is a column “Time Taken.” In 
comparing pressures it has been found helpful to know the time 
of day at which each pressure was taken. The next five columns 
are simply checked off as the operations are performed. In the 
last column any unusual repairs required are noted. 


Painting Policy and Practice 


We have found it good policy to paint all hydrants once a 
year. In this way the hydrants always have a well groomed look 
and are a credit to the company. If a high grade enamel paint 
is used, the hydrant may look quite passable for a period of two | 
years, but at the end of two years it is difficult to apply a new 
coat of enamel satisfactorily without a lot of wire brushing on 
the old coat. We have found a semigloss paint to be most 
satisfactory. It holds up very well for a year and is easy to | 
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LENGTH OF LATERAL ft. 
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DIAM. OF LATERAL 





DISTANCE HYD. TO VALVE 





DIAM. OF STREET MAIN 
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TYPIST PLEASE NOTE— THIS SCALE CORRESPONDS TO TYPEWRITER (PICA) SCALE— SET PAPER GUIDES SO THAT CARD SCALE WILL REGISTER WITH MACHINE SCALE WHEN CARD 
46 TURNED INTO WRITING POSITION. START INDEX THREE (3) POINTS FROM LEFT EDGE OF CARD, USE OTHER POINTS OF SCALE FOR OTHER DIVISIONS OF VISIBLE TITLE, SET TABULATORS FO 


SURE PERFECT ALIGNMENT OF EACH DIVISION OF INFORMATION. FOLD. BACK OR REMOVE STUB AFTER TYPING. USE NEW TYPEWRITER RIBBON, 
REMINGTON RAND INC.—13 


KARDEX VISIBLE DIVISION 886-200-858 14-"38 


Printed in U.B.A. 


Fig. 2—Permanent Maintenance Record Form of the Kardex System. 


(Gives all essential operating information at a glance. 


Also provides the important continuing property record now increasingly 


demanded by State Public Service Commission.) 


repaint. We have painted as many as 140 hydrants with one 
gallon of paint. 

Immediately after a hydrant is painted, be sure a “wet paint” 
sign is securely fastened to the hydrant. It is surprising how 
much clothing can be damaged by brushing up against a freshly 
painted hydrant, and unless the wet paint sign is there, the water 
utility (company or department) will be faced with paying dam- 
ages. 

We have tried using a portable spray pump but have found 
it wasteful of paint and that we could paint just as many 
hydrants per day by hand. 


Packing and Lubrication 

For packing we use jute impregnated with tallow. This has 
proven very satisfactory. For lubrication we use a grease with 
a graphite base. We have tried various types of grease and the 
graphite base grease is the only one we have found which will 
not cause the caps to stick, especially in cold weather. 


Cap Chains Useless Impedimenta 


The common practice is to have the caps fastened by chains 


to the hydrant barrels. We found the fire departments in trying 
to get connected to a hydrant in a hurry were often greatly 
annoyed by the chain. We therefore tried the experiment some 
ten years ago of removing all the chains. We feared that caps 
might get lost or misplaced during a fire so we equipped each 
fire truck with an extra cap, but to date none of these extra 
caps have been used and the fire departments are greatly pleased 
with the elimination of the chains. 

It is essential at all times to have the full cooperation of the 
fire department and arrangements should be made to have the 
fire department report to the water department after it has used 
any hydrant. The water department should then make a special 
inspection of this hydrant to see that everything about it is all 
right. The fire department should also be instructed never to 
force a hydrant in trying to close it. If it does not close readily, 
have the water department or company notified. 


Continuing Records 

Figure 2 illustrates a form of permanent hydrant record 
which is used in a Kardex file. This card gives all the essential 
operating information as well as that necessary for the main- 
tenance of a continuing property record such as is required now 
by several Public Service Commissions. 





TABLE OF EFFECTIVE FIRE STREAMS 
Using 100 feet of 2¥-in. ordinary best quality rubber-lined hose between nozzle and hydrant or pump. 





Smooth Nozzle, Size M4 Inch % inch 

. — = a = ~ 
Pressure at Hydrants, lbs.... 32 43 54 65 75 86 34 46 57 69 80 
Pressure at Nozzle, lbs......... 30 40 50 a 70 80 * 40 50 60 70 
Press. lost 100’ 2%” hose... 2 3 4 5 6 . 7 2 
Vertical Height, feet............ 48 60 67 2 76 79 Ps 62 71 77 81 


Horizontal Distance, feet......37 44 50 54 58 62 42 49 55 61 66 
Gallons Discharged per min. 90 100 116 127 137 147 123 142 159 174 188 


Smooth Nozzle, Size 


~~ 
Pressure at Hydrant, Ibs..... 46 60 


Pressure at Nozzle, Ibs......... 30 40 
Press. _ 100’ 2%” hose 16 20 
Vertical Height, feet............ 53 67 


Horizontal Distance, feet...... 54 63 


1% Inch 





Smooth Nozzle, Size 1 Inch 1% Inch 

A ne ae a ‘ 
Pressure at Hydrant, Ibs..... "37 50 62 73 85 97 41 54 67 80 93 
Pressure at Nozzle, Ibs... 30 40 50 60 70 80 30 40 50 60 70 
Press. lost 100’ 2%4” hose... 7 10 12 13 15 17 11 14 17 20 23 
Vertical Height, feet... . 51 64 73 79 85 89 52 65 75 83 8&8 


Horizontal Distance, feet... 47 55 61 67 72 76 50 $9 66 72 77 
Gallons Discharged per min.161 186 208 228 246 263 206 238 266 291 314 


1% Inch 
r a _ 
75 90 104 119 52 69 86 102 119 


50 60 70 80 30 40 50 60 70 
25 30 34 39 22 29 36 42 49 





77 85 4. 95 S55 69 79 87 92 


] 70 85 56 66 73 79 84 
Gallons Discharged per min.253 292 326 357 386 413 307 354 396 434 469 
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ACCOUNTED-FOR WATER AND UNBILLED REVENUE 


A Method for Estimating Both Between Scheduled Meter Readings 
By CHAS. E. MOORE 


General Manager, Roanoke Water Department, Roanoke, Va. 


HE war brought forcibly to the attention of the home front 
the need of conservation of the critical materials. 

The water department’s part in that program may be generally 
divided into two main features. The first requires that it place 
its plant in the best over-all condition, the main point of which 
is to account for all of the water taken from its source of supply 
and put into its distribution system. 

Where communities are served by an unlimited gravity supply 
requiring no treatment, conservation plays a very minor part. 
On the other hand if supply is treated chemically and is also 
pumped, reducing the volume introduced into the distribution 
system to am economic level, produces a saving in chemicals, in 
fuel, and by their reduction, a reduction in the need for trans- 
portation facilities. 

The other feature of the water department’s part in the con- 
servation program is to educate its consumers to be as conserva- 
tive in their use of water as is possible. 

That water department, which renders its service on a flat rate 
basis, has no exact measure of the use of its service made by 
individual customers. It has a peculiar problem that will not be 
answered by this article which is directed to those plants where 
practically all customers are metered. 


Basic Assumptions 


The practice of billing all customers monthly is rapidly being 
eliminated, and meter readings are now being taken at longer 
intervals than heretofore. For the purpose of discussion, we 
may assume that quarterly meter reading has been adopted and, 
further, that in the interest of economic commercial work one- 
third of the total customers are billed each month. Two further 
assumptions are made: That the individual meters serving the 
customers are read all during the month, and that bills resulting 
from the meter readings are made and delivered within two or 
three days after the meters are read. 

Such practice makes the determination of the quantity of water 
delivered to the customer, as compared with the total quantity 
pumped, something of a problem. This article undertakes to 
solve that problem by determining what percentage of the pump- 
age is actually sold. 

The foregoing meter reading practice produces a consumption 
figure for one-third of the city, closely approximating the total 
quantity sold for a three-months’ period for that entire section 
as of the middle of the month. 

During any quarter period the other two sections have already 
been billed for a part consumed in the quarter and have also 
received service of an undetermined quantity for the balance of 
this quarter. The problem of determining the quantity delivered 
to all sections, and compared with the quantity of water pumped 
as of the last day of the month, now presents itself. This article 
submits for consideration the reconciliation between the water 
pumped and the water billed by a method of graphs. 


Preparation of Chart for Accounted-for Water 


Using cross-section paper with a convenient scale, lay out on 
a vertical axis the total gallons to be pumped for the 14% 
months’ period beginning with October 15th; on the horizontal 
scale mark off an equal space representing the 14% months. 
The variation in the number of days in the different months will 
be found to be insignificant and of no real purport. The accom- 
papying figure shows the chart. 

At the top of this graph prepare a table of eleven columns 
as shown. Col. 1 contains the names of the months from De- 
cember through December inclusive; i. e., 13 months. Column 2 
provides for the aetual known deliveries of Section 1 for each 
quarter of the year. Column 3 provides for an accumulative 
figure of Section 1 to date. Columns 4, 5, 6, and 7 provide for 
similar figures of Sections 2 and 3 respectively. Column 8 pro- 
vides for the actual quantity pumped for each month; column 9, 
the accumulated pumpage. Column 10 provides for the estimate 
of the water delivered to the customer as taken from the graph; 
and column 11 is for the determination of the percentage ratio 
between water accounted for and the water pumped. 

Step 1. The first step in preparing the graph is to make an 
estimate of the quantity of water used by 1/3 of the consumers 
(i. e., Sect. 1) in the previous quarter as determined from meter 


readings taken during the month of January. his value is 
given in Col. 2. Consider that amount as billed the customer 
as of the middle of January. This is point 1 on the graph. 

This estimate is, of course, based on past history. On the 
graph indicate this quantity by a point half way between the 
December and the January line. 

Step 2. Make a similar determination of the quantities that 
will be billed for Section 2 during the month of February, and 
then the third section during the month of March. These are 
points 2 and 3 respectively, and are the data values given in cols. 
4 and 6. 

Step 3. Draw on the graph a portion of a line beginning in 
time three months prior to each point (1, 2, and 3) at zero, and 
draw the three lines to the end of December only. See heavy 
lines on graph. It is suggested for convenience that these three 
lines be drawn in three colors. 

Step 4. Add the ordinates of the three lines where they cross 
the December line and indicate their sum at the end of December 
by a point, “Est.” This ordinate represents your estimate of the 
water actually delivered as of December 31st. Enter this esti- 
mate in the table opposite the top December under Col. 10 
“Acct. For.” 

Step 5. With little or no previous data, you must now assume 
a factor of accounted-for water and enter on December line 
under Col. 11. Apply this factor to the “Acct. For” estimate 
(Col. 10), determine the “Gross” water that has been pumped 
corresponding to this estimate of water delivered, and enter this 
pumpage figure on the December line under Col. 9 “Gross.” 

Step 6. At the end of January, record on the January line in 
Col. 3 the pumpage for the month of January. Add this value 
to the Dec. “Gross” in Col. 9 above, and enter the sum on the 
January line under Col. 9, Gross. 

Step 7. When the January billings have actually been deter- 
mined and corrected to the known unmetered usage. plot this 
corrected figure half way between December and January (i. e., 
Jan. 15) and redraw the correct line from zero as of the 15th of 
October through this point, and project the line to January 15 
for point a. Next project the curve on the graph for Sections 
2 and 3 to January 31. in the same manner, thus obtaining points 
b and c on the graph. 

Step 8. Now add the three ordinates of the three sections as 
of January 31 and record on the graph their total, point “A.” 
Reading from the graph, insert this figure in Col. 10, Accounted- 
For. This value with the Jan. value in Col. 9 will permit a new 
7 eae of the percentage accounted-for to be entered in 

ol, . 

Step 9. The process is repeated in subsequent months, and 
each quarter the estimate previously made is corrected to the 
known facts. With this initial very close determination of the 
percentage accounted-for, the succeeding years’ graphs will be 
correspondingly more accurate. 

As each month passes, points 4, 5, 6, then 7, 8, 9, etc., will be 
definitely determined, with points d, e, and f, then g, h, and i, 
representing the estimates at the end of each month; the latter 
groups adding up to B and C, and so on for the year. 

It is to be remembered that, while this graph is for the pur- 
pose of determining the leakage in the distribution system, it 
will also include the loss due to under-registration of meters. 


Unbilled Revenue 


Service to consumers is rendered and costs paid before con- 
sumer is billed. Modern accounting practice requires an esti- 
mate of the revenue to be derived by a future billing of service 
already rendered. 

The determination of unbilled revenue follows exactly the same 
fundamental scheme as outlined above. Again use a table of 
eleven columns. In Cols. 2 to 7 incl. record the regular quar- 
terly billings and the accumulation by quarters. In the subse- 
quent columns, Col. 8, 9, 10, are the accumulated gross billings, 
the projected revenue, and the difference between the two; that 
is, unbilled revenue. Col. 11 will show the increase or decrease in 
this unbilled revenue. (Note, no graph or chart appears here- 
with for this Unbilled Revenue calculation.) 

The curve is started in the same manner as outlined in Step 1 
above. An estimate of the revenue for the first three quarters 
is made, thus determining as of December 31 that portion al- 
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Chart and Table for Determining Accounted-For Water 
(See steps 1-9 in accompanying text for details of construction—the chart for unbilled revenue is developed in the same manner.) 


ready delivered for the three sections of the city not yet billed. 
This is, of course, the unbilled revenue as of December 31 and 
also equals the projected revenue as of this date. 

When monthly billings are known, add the accumulated gross 
billings in Col. 8, complete the graphs to end of the month in the 
same manner and upon the same theory as used in the pumpage 
figures. 

The projected revenue determined by the summation of the 
three alternates is read off the graph and entered in Col. 9. The 
difference of the two is the new unbilled revenue figure to be 
entered in Col. 10 with the increase or decrease as the case may 


be entered in Col. 11. This last column should begin with the 
low pumpage period, increase to a peak in the high consump- 
tion period, and then decrease to approximately its starting 
point, other general business conditions remaining constant. 


It will be found that the time required to prepare these graphs, 
once they are started and understood, is insignificant. On the 
other hand the management is possessed of a very accurate de- 
termination of the accounted-for water and the relationship be- 
tween revenue and expense; for, under this quarterly billing 
scheme and a uniform rate of reading meters, expense of opera- 


tion will tend to run ahead of actually billed revenue. o 


HORSE-POWER AND ELECTRICAL DATA 


(a) 1 H.P. = 0.746 KW. = 746 watts. 
KW. input 


0.746 


(b) Brake H.P. = x motor efficiency. 
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g.p.m. X head in ft. 


3960 
g-p.m. X head in ft. 


(c) Water H.P. = 





(d) H.P. to lift water = " 
3960 x pump efficiency. 
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STANDARDS FOR WATER SERVICE 





By MARSDEN C. SMITH 
Chief Engr., Dept. of Public Utilities, Richmond, Va. 


’ F YOU call your electrical contractor and ask him to furnish 


I and install a 10-hp. electrical motor, he knows the service 
tandards of the local electric utility and can order the motor 
s with assurance that your installation will be successful. 

"But what of the engineer, architect or plumber, when asked 

to furnish and install plumbing or other water consuming equip- 
ment? What is the standard pressure, and what size service 
line and meter does the local water utility require? 
, Inquiries have shown that only a few water supplies have 
nial for either. Many of those questioned suggest that 
this lack of standards is due to the diversity in procedure in 
yarious cities and this, in turn, causes the individual to hesitate 
to assume the responsibility of voluntary action. ; 

This diversity of practice must be admitted, but that is no 
reason for us to fail to set up standards, for surely, just as the 
electrical companies have found it often necessary to do, we 
change these standards if found to be wrong. 
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Pressure Standard 


It is obvious to anyone that the most desirable pressure to 
select as the “standard” is that pressure at which the total cost 
of water service in the area served shall be a minimum. Un- 
fortunately, that pressure is not as simple to determine as it is 
to define. Most privately owned residential property consists 
of structures that use water at not more than 30 feet above the 
sidewalk. If to this 30 feet of elevation we add an allowance 
of 16 feet: for friction loss from the main to the outlet, it is 
evident that a standard pressure of 25 pounds per square inch 
at the sidewalk level should be adequate for residential areas. 

But the heights of apartment and business buildings vary 
through such wide limits that the problem here becomes one of 
determining how high in the air the water utility should agree 
to deliver water. Perhaps it is fortunate that we have an upper 
limit of 50 psi as a fairly well established maximum for general 
use. This results from the well-known fact that excessively 
high pressures are objectionable, even if available without pump- 
ing, because such pressures result in excessive leakage, create 
troublesome water hammer and unreasonable plumbing mainte- 
nance cost. 

. Hence it appears that the operator may rationally select as a 
standard pressure at the sidewalk any value between the limits 
of 25 and 50 pounds. in accepting these limits, the operator finds 
that he may reasonably agree to deliver water to any height 
above the sidewalk that he may elect between 30 and 85 feet. 

. But since it costs real money to pump water, and since leak- 
age is increased with increasing pressure, the operator must 
find justification for the increased operating expenses created 
with each pound over the minimum necessary that he selects 
for his standard pressure. 

It may be of interest to follow some of the threads of thought 
that were used in one city in determining its standard pressure. 
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Chart I 


Basis of Determining Standard Pressures 


Fire services are highly important, but it is surprising to many 
to see how relatively small a reward is to be had by increasing 
main pressures. Surely none but the smallest community can 
rely on general service pressures for fighting any but unim- 
portant fires. Instead, either mobile fire pumps (engines) or a 
separate fire system must be available. Hence, if an adequate 
quantity of water is available at 25 psi, and since the engine is 
not appreciably helped by 50 psi rather than 25 psi inlet pressure, 
there can be no incentive on this score for the higher pressure 
standard. 


[t is true that sprinkler systems will generally need more than 
25 pounds at the sidewalk. But surely this additional pressure 
can be furnished by the owner of the sprinkler installation at 
a vastly more equitable cost than by raising the pressures through- 
out the entire area. 


And then, as to the number of properties satisfactorily served 
within the limits that we have set up. Since the minimum will 
give reasonable service to an average three-floor building, it is 
evident that by far the larger number of outlets in most com- 
munities can be successfully served by the minimum pressure 
now being considered. Of course, the per cent of total use that 
will be included between the two limits of 25 and 50 pounds will 
be different in every city. Thus it is certain that if there is a 
large part of the total use at elevations near the upper limit of 
50 pounds, it is highly probable that there will be yet a large 
part of the total use that it has been determined to be unreason- 
able to supply without auxiliary building pumps. 


Consequently, the only consideration from the standpoint of 
the consumer, both in normal use and fire protection, is how 
many buildings will be served by any increase above the 25- 
pound minimum, and how far does the water utility wish to go 
in assuming this increased pumping expense. 

On the other hand, we should not lose sight of the fact that 
if we are to maintain a minimum standard at all points of a 
system, certainly we must exceed that minimum in most of the 
area served. Topography rarely, if ever, is so ideal as to cause 
the natural elevations to compensate for pipe friction between 
the supply and the consumer. And certainly it is unwise to have 
too many separate pressure areas; these not only are expensive 
to create, but a multiplicity of “dead-ends” is one of many 
undesirable results. Thus, even if we select 25 pounds as our 
standard pressure, it is certain that most of the area will of 
necessity have pressures considerably in excess of this minimum. 


However, it must be recognized that an actual sidewalk 
pressure of 25 pounds can hardly be supported as reasonable for 
the modern town or city. And so, admittedly, rather as a com- 
promise than from any exact scientific deduction, 35 pounds at 
the sidewalk was made the standard water service pressure. 
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Chart II 
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The city does not guarantee that this pressure will always be 
available, but it assumes responsibility to make such improve- 
ments as may be necessary to maintain this minimum when 
service is normal. But every consumer is notified that the exis- 
tence of pressures greater than this standard, no matter how long 
they have been or may yet be available, are above normal and 
may at any time be reduced to the standard. 


In practice, this standard is extremely helpful to all parties. 
For example, if a fire service is installed which is approved by 
the Fire Underwriters because of an existing pressure of 50 or 
more pounds, the property owner is notified that the city does 
not guarantee to continue service at that pressure and that it 
recommends that provision be made to add fire pumps if in the 
future the city finds it advisable to reduce pressures to the 
standard of 35 pounds. The owner thus avoids the necessity of 
installing the pumps at the time of constructing the fire system, 
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Chart III 


but if they become necessary, they may be installed in the future 
at much less expense if provision is made for them at the time 
of construction. 


Size and Services and Meters 


If now pressures are to be set at a value that leaves no great 
margin for satisfactory service, the size of the service and meter 
to be used must be accurately determined for each installation. 
But it was first necessary to decide what part of the available 
standard 35-pound pressure should be allotted to the friction 
losses in the meter and service pipe. While this presents a highly 
involved study, if it is to be scientifically determined, many con- 
siderations indicated that a design which would consume 7 pounds 
of head would be rational. Consequently there is a proper com- 
bination of meter and service pipe size (the quantity of water 
and the total length of service pipe being known) through which 
the friction loss will not exceed 7 pounds. 

If the water is to be used at a constant rate, no serious problem 
is presented in selecting the most economical combination of 
meter and service pipe to deliver that quantity at a 7-pound loss. 
But this ideal is rarely if ever obtained in practice, and so in 
the accompanying tables an effort has been made to allow for 
the diversity of use in such a way as to simplify the problem, 
yet not seriously err from the most successful and yet econom- 
ical design. 

The use of these data can best be understood by reference 
to actual examples. But, here it should be noted that the rates 
of flow are not the actual quantity of water that may be supplied 
to any appliance; this is because of the influence of the diversity 
of factors in any installation that is large enough to approach 
the capacity of the smallest meter and service that it is practical 
to use. Also, the apparently erratic value assigned to the mul- 
tiplier in Table II for outlets numbering between 19 and 50 
may be observed. This is the result of an effort to cover the 
transition from the larger residences with their relatively few 
occupants to apartments with their greater number of persons 
per outlet. 


The Cost of Services and Meters 


The problem of determining the actual cost of individual small 
services is much too involved for practical application. In some 
instances a single service is installed, whereas in others a hundred 
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or more may be grouped for the various units of a real 

development. Not only does this variation make the esti estate 
the cost a highly involved process, but the cost of pss A 
varies through even wider limits. And so in Table i a 
average cost of any service up to and including 2-inch wb 


with 3 inch pipe is given. 


By coding all such cost collectively, it is easy to determ; 
ne 





whether or not the money being collected for the servi 

the flat charge basis is greater or less than the actual rn 1 
because of a major change in the cost of material and . 
the units of Table III need to be revised, a revision jg re 
it is believed this change of cost will be effective for a suf + 
length of time to warrant the change, but not until after 99 an 
notice to all licensed plumbers and contractors to the eff t = 
such a revision is planned. = oe 
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Examples of Application é 


Through the use of Table I and a list of equipment to k 


installed the plumber who estimated on a cost of water service 
for a residence in the 5400 block, Grove Ave., Richmond, Va, 
determined the highest possible demand in the following manner 
(A) Two baths, each having one tub and shower, one lavatory 
and one toilet. 
(B) One bath having a lavatory and toilet but no tub or 
shower. 
(C) One kitchen sink. 
(D) One laundry tub. 
(E) One furnace connection. 
(F) Three silcocks. 





Appliance Outlets Gals. per minute 
Ce SD wwakavnawes- coda axZi=a4 7sxt= 5 
(A) Lavatories ......... be Fz 2x4 & 
ae ee <sckencecnsan rxXRa] ix4= 4 
(B) Lavatory ........... txXz=uz txéa 4 
[ fb sere axis Lx@ae 4@ 
(C) Kitchen sink ........ > & Fs | ixXe= § 
[ot DO chacewannans xia @ ixs=a 8 
(E) Furnace connection. 1 xX 0 = 0 1x@=a 6 
is — 2 ereerre 3xX1=—1 (Max.) 3sx3= 3 Ge 

TEE weatednscueusoineswnes 19 48 





Then by reference to Table II, for the 19 outlets he found the F 


multiplier to be .21. He then multiplied the maximum deman 4 


by this multiplier (48 X .21) to obtain the maximum demand 0 
10 gpm. as the flow to be expected sufficiently often to warrant 
designing the service for such flow. The factors listed in Table 


II are what may be called “most probable numbers,” in that | 
they are based on the most probable use of combinations of the | 


19 outlets simultaneously. 

He next determined the total length of the service, which i 
the actual distance from the main in the street to the point 
the house where branches take off from the service pipe. ln 
this case the house is set back 20 feet from the property lint 
and the first riser from the service is 52 feet from the front oi 
the house, or 72 feet from the property line. The main is tok 
6 feet south of the center line of the street and the house is o 
the north side of the 66-foot wide Grove Ave. The length 0! 
service from the main to the property line will be one-half ¢ 
the 66 feet plus 6, or 39 feet. The total length of service, thert 
fore, is 72 plus 39, or 111 feet. Referring to Chart I, we 
that a l-inch service pipe with a 54-inch meter is all that 5 
needed for this service required to supply 10 gpm. 
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estate This example is used because it is a borderline case. Al- 12 Toilets (Flushometer ) 
late of though a l-inch pipe with a S-inch meter will be sufficient, + Urinals (Flushometer ) 
, ‘ reference to Table III with Class 2 paving under a 66-foot wide 17 Lavatories 
aay street indicates the price of this service to be $146.50, whereas 17 Showers 
IT the a 1%-inch pipe with 54-inch meter will be only $9.50 more. 1 Kitchen sink 
meters This slight difference in cost fully justifies playing safe and 1 Coffee urn 
_ installing a 1%4-inch service pipe instead of the 1-inch line. 2 Drinking fountains 
ermine Example 2 Again the number of outlets and the maximum demand were 
eS On , iii a : . determined from Table I. 
st. If A service building is to have the following equipment: Appliances Outlets Gals. per minute 
labor an * : TS TEED ET EOE 17X 2= 34 17X4= 68 
ade jf Demand of Various Appliances SEE chinsntnccnvecnatancaie 17X2=3 17 X 6 = 102 
ficient | , Number of Gals. Tel ees ceca 1X2= 2 iX7= 7 
| days’ | Appliance outlets per minute Coffee urn ..... se eeeeeeceeeees 1X1= 1 1x ‘= & 
t that Domestic kitchen sinks..................... 2 5 me eceruncdbninerente oe ene” 
Commercial kitchen sinks ....... SheEeh bebe 2 7 scollet ait Ne sola i tsa es 
— fa Hens ye Bend = sees. itn | ; _ Here there were 71 equivalent outlets and a potential maximum 
8 pester epee atte aI i ab elles 2 ‘ instantaneous demand of 182 gallons per minute. From Table II, 
e Tank toilet ..... Pererrrreerrrrerrrrrrrere 1 4 under 71 outlets, the factor applied indicates 182 X .29 = 53 
Domestic laundry tubs......cccccsecscecees : (Qfax.) gpm. to be the maximum demand to be assumed for all appliances 
Furnace connections ...................... 0. 0 other than the flushometer toilets. 
GN MAN EN ccs as darcneeccnces seen 1 6 To this was added the expected demand of the toilets and 
ao Ay SIRNA PENIR YRS ERERE He ChRC OnE NS ; * urinals, which was determined from Table I as follows: 
Potato EE ee ee et er ere ee ree 1 x GPM 
— DEER WORROE «00sec erscerscessersvesecees 2 8 12 Flushometer toilets ...........cccecssceccsecccceess 60 
sag ed AEDT SR ERRATA LAER A AN es ; : 4 Flushometer urinals .........:000e+seeeeeeseeeeseees _4 
Drinking fountains ERE RIES aia 0 0 Tre ree _ 8 
oO ea ay oceans? al aera ‘ lie hae TOE nino. 6.056666 00055.0505.00008904068 048 Sern eeKO 117 


The supply of wi ater to Flushometer toilets and urinals should 


ated separately from the standard appliance in accordance : . . = . 
with the. following s¢ hedule: ee _ The distance from_the main to the first branch piping in the 


—_———_— - ————..--— —_—_——___—____— building is 50 feet. From Chart III it is seen that to carry 117 
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T oilet U rinal Toilet U rinal 2 > > r 
so. of Units GPM GPM No. of Units GPM Gra ay 90 50 feet requires a 3-inch service pipe with a 2- inch meter. 
|e 2 Seer 30 2 1S. 00 OO. .sscas 75 8 Assume this service to be supplied from a main in a brick 
BGO B.ccesoses 45 4 31 or more..... 90 12 paved alley 20 feet wide. To determine the cost from Table III 
lead - oO 6 = — of Class 2 paving under the column headed * ‘Street Width 0-26 
= TABLE I ~ feet” and on the line for 3-inch service pipe and 2-inch meter, 
sieanoeae I find the average cost to be $316.00. 
Demand and Load Factors Note: All of these designs and schedules of cost were based 
“ = on the use of Type K copper pipe and bronze meters and have 
numes Total No. | - ‘] died dari " “— i - 
— of outlets 1 9 3 4 5 6 7 8 9 1ad to be temporarily modifie uring the existing state of war. 
iplie 75 BH 575 .52 465 415 .375 ‘ 
Multiplier ' . sis : = «a te Favorably Accepted by Master Plumbers 
) 2 : ; 5 5 9 2 , : , 7 
3 a 2 3s & 3 3 z z = = Sets of the four graphs reproduced with this paper are sup- 
a if é = plied Richmond plumbers and contractors. It is noted that a 
to be 21 = = = 4 = = = 2 = telephone number appears on each chart so that the estimator 
ervice a: ra soe ‘ ver : ; : : : may obtain further information, interpretation or guidance in 
en 34 36 3! 40 42 44 46 48 50 55 60 the use of these charts. 
nner 34 3 34 3 34 3 34 34 33 .32 31 This method of determining costs and design has been most 
ators 65 70 75 80 85 90 95 100 More than 100 sti nat 1 , 
ator, 39 | 29 28 «87 26 25 24 93 99 favorably accepted and has proven entirely successful in all cases 
io | $$ _"___ in which it has been used. 
; 
a TABLE III 
e Estimated Cost of Services Including Paving 
FOR CLASS I PAVING 
(Paving that does not require concrete base, including all alleys, penetration and plain spall paving) 
Service Length (ft.).. 10 15 e. 26 31 37 46 55 
Street Width (ft.).... 0-26 26-35 36-4 46-55 56-66 67-80 81-100 101-120 
a Inches — 
Pipe Me ter — SS SS ——_ COSTS ———_— —— ~ 
Max Diameter Size 
% Se .n cee § 41.25 $ 51.00 $ 62.75 $ 72.50 $ 82.00 $ 94.00 $111.50 $129.00 
1 a 43.25 53.00 65.00 75.00 85.00 97.00 114.50 132.50 
— 14% , re 48.00 48.00 71.00 81.50 92.00 104.50 123.50 142.00 
d the 1 S -aowne 58.00 68.50 80.50 90.50 100.00 112.00 130.00 148.00 
: 1% oes 63.50 73.50 86.50 97.00 107.50 120.00 139.00 157.50 
mani § 1% B.. (ee 69.00 80.50 94.00 105.00 116.00 129.00 149.00 169.50 
nd ot | 1% OM csiee 94.00 107.00 120.50 131.50 143.00 156.00 176.50 196.50 
rrant | 2 | ae 105.00 119.50 135.00 148.00 161.00 176.00 199.00 222.50 
T bi | 2 - gukgens 224.00 247.00 262.00 275.00 288.00 305.50 326.50 350.00 
i 3 S whens 289.50 305.50 325.00 340.00 357.00 376.00 405.00 433.50 
that ‘ wes —- nininananaeneeianiis : 
f the FOR CLASS II PAVING 
(Pe aving that does require concrete base—i. e., all paving other than class I) 
ch is Service Length (ft.).. 10 ; 15 21 26 31 37 46 55 
nt in Street Width (ft...... 0-26 26-35 36-45 46-55 56-66 67-80 81-100 101-120 
. 7—— Inches ——__+ 
a Pipe Meter — - - —_————COSTS — 
> Tine Diameter Size ° 
nt o! % eh. whan $ 60.00 $ 80.50 $104.00 $123.50 $143.00 $166.50 $201.50 $236.50 
n 1 Te ssese 63.50 83.00 107.00 126.50 146.50 170.05 206.00 242.00 
to “ 1% hk. cence 68.50 89.50 114.50 135.00 156.00 181.00 218.50 256.00 
1S OD 1 S 6weeue 79.00 98.50 122.50 142.00 162.00 186.00 221.50 257.50 
th ol 1% mt. 84.00 105.00 130.00 150.50 171.50 196.50 234.00 271.50 
If 1% eee 91.00 113.50 140.00 162.50 184,50 211.50 251.50 291.50 
nl 1% , ween 116.00 140.50 167.00 189.50 211.50 238.50 278.50 318.50 
here 2 . a 128.50 155.00 185.00 209.50 234.00 264.00 308.50 353.00 
e set | 2 -. «<anns 257.50 282.50 312.00 336.50 361.50 391.00 435.50 280.00 
ats 3° 3 - ree 316.00 345.00 380.00 409.00 438.00 473.00 526.00 578.00 
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NORTHROP & COMPANY, INC. 


Water Works Specialties and Supplies 
50 Church Street e NEW YORK 7, N. Y. 





MARLOW Self-Priming Pumps 


Give Instant 
Performance 


This powerful lit- 
tle unit is the last 
word in light- 
weight self-prim- 
ing pumps. Avail- 
able now in cast 
“Pr -“ 
iron weighing 83 


PORTABLE 





lbs. — after the Rechargeable 
war in aluminum. 
Powered by a 1 SEARCHLIGHT 


H.P. Briggs & $31.75 


Stratton 4- cycle 





1%” — $90.00 engine, tab This is the most satisfactory light for night work in 
pump 15, i eee a T . S 
20,000 gallons on one gallon of fuel. It has a capacity ee today. I oo ._—— 2,500 feet. Snap-On 
of 3,000 gals. per hour and an open impeller to handle lens for floodlighting $2.75 additional. 
dirty water. 


Other self-priming pumps from 114" to 10” and a com- THE 

plete line of diaphragm and plunger pumps are avail- METER-MASTER ARATE RECORDER FOR 

able. Write for new pump catalog. WATER ee 
Achart recorder which 

can be attached fo any 

single or compound met 

er in Five minutes. Will 


THE GEOPHONE LEAK LOCATOR accurately record the 








flows on a chart giving 
acomplere record for 
any given period of time. 
$75 .00 Prices and /iferature on reguest 
COMPLETE 
WITH CHASE 
CARRYING COPPER TUBING 
CASE AND AND BRASS GOODS 
STRAP Chase Type K copper tubing, Chase brass goods and many 


other items now available. Write for catalogs. 





The Geophone 
is a mechanical 
device which operates on the principle of the Seismograph. 





Send for our 


It is the simplest leak locator in existence. Will locate WATER WORKS SPECIALTIES 
underground leaks within a radius of inches and can be 
used by anyone. catalog 





The specialties pictured here are but a few of the many items composing our complete line. 
Dealing with water works exclusively and knowing their needs makes us the HEADQUART- 

* ERS for water works specialties and supplies. Besides specialties, we carry copper tubing, * 
brass goods and we manufacture BOND-O, the dependable self-caulking joint compound for 
cast iron water mains. 
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NORTHROP & COMPANY, INC. 


Water Works Specialties and Supplies 
50 Church Street e NEW YORK 7, N. Y. 





MANUFACTURERS OF 


BOND-O 


The Dependable Self-Caulking Joint Compound 
For Cast fron Water Mains 


BOND-O EQUIPMENT 





The Compound Fig. 307 
BOND-O Gasoline 

Made 100% aes 

$80.00 


e 
by Machine 
This new furnace has 
a burner similar to a 
burner on a gas stove. 
It requires no preheat- 
ing and heat is con- 
trolled by opening or 
shutting the valve. 


Blending 





rr ;, *° BOND-O WOOD BURNING 
BOND-O is a jointing compound so carefully blended FURNACES 

that every bag assures joints that are tight, strong and + 

SUEY SE SUNOS: PORES Thee Bae is, eG - .These old reliable furnaces are made of heavy 
[ pressed steel and are built for long and hard 
4. Service, 

i, With or without wheels. 





















flexible. 


BOND-O is manufactured, serviced and sold by a group 
of men who know the jointing compound business from 
top to bottom. These men, collectively, represent more 
than 110 years’ experience in the water works field. 


ke os A complete line of 
Over 50 of these years have been specifically devoted 


BOND.-O equipment 
including braided 
jute, pouring pots, 
ladles, funnels, 
scoops, yarning irons 
and cutters, stirring 
paddles and ham- 
mers is available 
from stock. 


to the sulfur-base jointing compound industry. 


BOND-O is made from carefully selected and proven 
ingredients properly compounded and thoroughly mixed. 
No expense has been spared in selecting the correct 
machinery and expert supervision in manufacturing. A 
positive control for uniformity assures every pound of 
BOND-O to be exactly the same. 


BOND-O is shipped in a new style guaranteed water- 
, Proof bag. These bags keep BOND-O dry as they are 
laminated with burlap on the outside and paper on the 
inside securely cemented together with asphalt. 
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THE “"MUD-HOG" 


An Air-Lift Subaqueous Trencher Which May Also Be Used for Handling Sludges, Sand, and the Like 


By HARRY U. FULLER 
Chief Engr., Portland Water District, Portland, Me. 


ECAUSE of war conditions in Portland, Maine, in 1943 it 

became necessary to devise a method of digging a trench 
500 feet long ‘in 30 feet of water without the use of the custom- 
ary bucket on a derrick. 

The material in the harbor bottom is a plastic blue clay and 
the method adopted was to cut the clay with water jets and 
remove it by air-lift of the heavy clay suspension. 

The principle of the air-lift pump is that a column of water 
in a vertical pipe when full of air bubbles is lighter than the 
water on the outside of the pipe, and the unbalanced force 
causes the column of air-water mixture in the pipe to rise as 
long as air is forced into the pipe. 

On page 146 of the Reference and Data Section in Water 
Works and Sewerage for May, 1937, the principle of pumping 
by air-lift is effectively explained in detail. 

The air-lift trencher has two elements—the water jets and the 
air-lift pump. These were built into one unit, which could be 
easily handled and suspended from the boom of a lighter. 


Construction of Trencher 


The air-lift trencher (see cut) consisted of lengths of 8-in. 
pipe screwed together, reaching from the harbor bottom to a 
few feet above the deck of the lighter, about 40 feet. 

On the upper end was an 8-in. quarter bend with a 3-ft. piece 
of 8-in. pipe screwed into it to throw the mud away from the 
lighter. The lower section of the 8-in. pipe was 5 ft. long and 
around it, 6 in. from the bottom, was welded a 16-in. steel drum 
8 in. high. The drum was sealed top and bottom with ring 
plates. A 2-in. air pipe was attached to the drum through the 
top ring plate. Through the pipe within the drum were five 
equally spaced 11/16-in. holes for admission of air from the 
drum to the lift pipe. 

On the other side of the 8-in. lift pipe was the 3-in. water 
jet pipe with l-in. tees at 8-in. intervals. Into each tee was 
screwed a l-in. one-eighth bend and into the bend a 4-in. long 
nipple, flattened at the outer end to leave %4-in. wide opening to 
produce flat cutting jets. 

The water pipe was carried by fittings around the 8-in. pipe 
under the drum with three jets pointing downward. The three 
pipes, from the lower section to the top of the trencher, were 
held together by welded braces. 

The dimensions of the trencher were taken from an article in 
the Engineering News Record on June 5, 1941, telling how an 
air lift was used for cleaning mud and sand out of cofferdams. 

The same proportions found to work successfully in the 12-in. 
lift in New York were used in building the tools herein described. 

The areas of the air ports and air drums and the capacity of 
the air compressors were thus proportioned to the area of the 
air-lift pipes used on the Portland trenchers. 

Three of these air-lift trenchers were built: An 8-in. pipe 
with 11/16-in. air ports inside the drum, requiring 400 cu. ft 
of free air per minute. A 5-in. pipe with 7/16-in. air ports 
requiring 150 cu. ft. of free air per minute. A 4-in. pipe with 
¥-in. air ports, requiring 100 cu. ft. of free air per minute. 

All three units worked very well with one-third less air than 
called for in the article referred to. However, with the full 
amount of air called for they worked much better. 

When the proper amount of air is being applied, the flow is 
steady. If irregular flow or surging develops the amount of 
air must be readjusted. One outstanding advantage of this type 
of equipment for pumping mud, sludge, grit, etc., is the smooth 
interior waterway which permits anything which enters the 
lower end to continue to the outlet unobstructed. 


Method of Use and Possible Applications 


The trencher was hung from the side derrick boom on the 
lighter. Gasoline-driven air compressors of the required capacity 
were placed on the deck of the lighter and connected to the 
upper end of the 2-in. air pipe with air hose. 

To provide water for the jets, a gasoline-driven fire pump, 
with a capacity of 500 gallons per minute at 100 pounds pressure, 
was also placed on the deck of the lighter and connected through 
fire hose to the upper end of the 3-in. water pipe. Because of 
the liberal diameter of the water pipe running to the foot of the 
trencher a large part of the 100 pounds pressure at the pump was 
available at the cutting and stirring jets. 
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The horizontal and vertical angles of the jets should be 
justed to give the required width of trench and to cyt off - 
face of the clay and not merely bore holes in it, the 

It was found to be helpful to keep the trencher constantly 
moving up and down a few inches. This was probably wa 
the jets were some inches apart. The rate of trenching Varied 
with the quality of the material. In medium soft clay the Speed 
reached 25 feet per hour of actual digging and the trench ~ 
the harbor bottom was about three feet wide at the top. 

It is believed that an air-lift device of this type will haye ; 
variety of uses in water and sewage works practice in addition 
to trenching. For instance, these units might be used for lifting 
(and at the same time washing) sand and small gravel. A smal 
unit may be used for removing sand from rapid sand filters ang 
transferring it from one unit to another. It could be used jy 
excavating, desludging basins or lagoons. , 

In sewage it could be used to transfer sludge, lift and wag 
grit, de-sludge tanks or lagoons, and like uses. The units ar 
readily portable, with a short riser and air pipe subject , 
extension to any desired length through use of plain end pipe 
lengths—and gasketted flexible couplings. : 
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Detailed Sketch of the 8-in. PWD. Air-Lift Trencher 
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WATER REQUIREMENTS ~ 


Like | Volume Demand and Rates of Flow 
for Various Uses and Fixtures 


be of Twenty gallons per capita daily is generally conceded to be the Similar methods of approach may be used in solving problems 
off the absolute minimum quantity of water needed to carry out, prop- involving large apartments and housing projects. —Jour. : 
, erly, the various functions of life of those served a supply of W.A. 

Stantly } water piged into the property. ; : ; In an analysis of available survey statistics from representa- 

eCaise The basis for such a per user estimate is the following : tive cities, essentially, the following conclusions appear in the 

Varied SN scsercenccninecininremnnensienionennnetiio 1 gal. same article.* 

. irr lO FSS nee - 

+ ee Ser ROR REE “ (1) The minimum domestic water requirements for an urban 

: “ community or household should be assumed at not less than 
Oe eee eee 5 “ 

have 3 ee “Drinking” includ i! , oie te 30 gals./capita/day. 

dit; ssibly the item rinking” includes all water used in the . j : ; ee a 

ie | (Coe rowever, nothing is shown for scrubbing and other mis: (2) For design of systems, serves lines and inteiog, piping 

- smal elaneous uses. So it is apparent that the average per user : it ida pre & & gals. 

Ts and requirement should be at least 25 gallons and the reasonable capita/day. 

sed i minimum probably more nearly 30 gallons. In fact, surveys have (3) The increase in consumption can be estimated at a rate 
revealed such to be the case.) of 1% per year, until a maximum of 50 gals./capita/day 

| wast In a recent review of water consumption data the following is reached. 

ts are procedure in estimating appears.* 

ct “For purposes of estimating the probable use of water in a Water Requirements in Various Types of Housing 


d pipe given building the engineer considers those quantities which are 
ysed for specific domestic operations and which do not vary The following estimates of expected consumption in various 
appreciably with size of family, as well as the basic consumption types of housing are based on data presented in the same review. 


rate of 20 gallons per capita per day. The total amount of water 

ysed in sprinkling a lawn does not vary with the number of per- Type of Housing Gal./Capita/ Day 
sons living in a given house, nor does the quantity used for wash- Single Family Houses 

ing the family car. On the other hand, the use of water for Minimerm 35 

3 1 sersonal bathing is directly related to the number of persons in la lee AE NE A ARETE I ERT 55 

NIDTH the household. ee 100+ 
“The figures which are presented here are subject to some 2 , 
variation but they may well serve as an index of the amounts % 3 and 4 Family Houses 
which may reasonably be considered to be used in carrying out BID. scinerisneniensnistemngevinmsiniiminiasionneigbaiiiiintit 35 
various domestic operations. Studies here and abroad have indi- PAWOTIGC — 22ccceec.ncoeeeeeso-escccnesenecsvenecenenseresnsoseneneuseuseneneseneacees 40 
cated that about one-half to two-thirds of the water used in ordi- BIEL esinicaicsietensthelesiascilnchcidiiaiasipa sheiniaigeattabapaibaineneiiit 55 

ee aaron consumption is heated (bathing, laundering, dish- Apartment Houses 
gah eA MIs ciicapritethuetistidiansinesinniasniiadadindenieaibiaagiaasaniialidi 75 
Operation Quantity-of-Water ON RTE aT A FES 100+ 
UN III ipsa cis hss elcid okeaee 25 gallons/bath ‘ : 
i eee 5 gallons/min. Housing Projects 
Additional toilet flush/person.................... 6 gallons/diem III stastctshieiiieieligltnmniniiintsiits acide dibnsnsiadiibibiaibiaiade 35 
Sprinkling lawn (54-inch hose)................ 7 gallons/min. Reasonable .............-..- caiiditaddbtahasitesiteiiehaneeaaiaac eae 45** 
Washing automobile ..00...........-ccseseseeee 150° gallons ITD cccsesctisnoniioiniettisiieiegisnasegiedinieiiltitattaiaamtis 90 
Basic quantity/persomn ..................0cece-ese0e 20 gallons/diem 
“Two examples will illustrate the use of these data. RATES OF DRAFT PER FIXTURE OR USE 
Example 1—A family of five persons is to build a single house 
ona lot 50 by 100 ft. in a fairly good neighborhood. They plan Gallons 
to a gene te do home laundering, tut they have no auto- Individual Needs per Day 

Bow mobile. How much water per capita (in round numbers) should . i i i " 

; || estimated as the daily consumption for this family oy ¢ heen 
Basic figure = 5 X 20 = 100 gpd. I Tis anssssiicrniinnninetinnielanaisiitigteaaienibinial Saisie 10 
Lawn watering = 20 min./diem for 3 mos. = 5 min./diem Tim anaes csnenecencsccrnnseenensvenneenceneerennneuncnnsennnncones 10 

= 35 g.p.d. TERI, TENN 6. cstcnstaddeniiiapunieinianigtitciehiihiemmiidinnianainaiiamabiie 5 
Bathing—2 baths/week/person = 5 X 50/7 = 35 g.p.d. Each sheep ................ sceliianiniihlieaaaitiiiaieinaiitesimadeiiaiciaion 5 
Total = 170 g.p.d. Continuous flowing drinking fountains............................ 75 
Per capita emeen = # gpd. a 
Example 2—A family of three is to build a large house on a Lawn Fixtures per Hour 
plot 125 by 250 ft. in an exclusive section of town. Laundering wy" ’ 
is to be done at home and the two cars probably will be washed Ya-inch hose with mozzle........cceo-ssseseeeeeeesseesssessseeen 200 
twice a month at home. There is a shower for the head of the 34-inch hose with mOZZ1€..........----.---ctecceeeconeeseneseeneescensee 300 
house, and two baths for the two women. What water consump- Lawn sprimkler....----so---.--cecceeseseneseseseeeegeescnennn eee 120 
tion per capita could be estimated here? Park or golf course sprinkler covering a 106-ft. 
; diameter area, with %-inch main nozzle operating 
Basic figure = 3X 20 =..--sencceeccceeeevnnrecceeeeen 60 g.p.d. eae 
Additional toilet flushes, 3 6 =...........-.secesses0e: 18 g.p.d. 
Lawn yy 1 hour/day for 4 mos. = 20 Domestic Fixtures Gallons 
mins. = 
wet ae 2 ee Filling the ordinary, lavatory cew-eennnnn 1% 
Showers—10 min./iem =.....cscssseecccsssesscssceeeceeeee 50 g.p.d. er the rg _bath — ceveeeeeceeneneeeeceeeenceneneenseeeaeey “ 
Washi one ushing water cabinet Closet..............--------csssseeeeeeesseeeees 
, ating care—600 gal./mo, =. 2 gpa. Sa SRE SRNR eR een eee oe en 30 
Total 326 g.p.d. (From, Peerless Pump Bulletin) 
Per capita consumption 109 g.p.d. 
**In measuring the proportion of total consumption that was used 


_ ‘Based on data and computations in a review of water requirements 
in“Domestic Water Consumption” Jour. A.W.W.A., December, 1939— as heated water the average was 66%, or 28 gallons in the average 
by M. A. Pond, and published information from various other sources. total of 42 gallons used per head. 
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RATES OF FLOW FROM FIXTURES TABLE 2. 
Gallons per Minutee APARTMENT HOUSE SUPPLY SIZES of SERV] 
Future Fair Good Excellent LINES FROM MAIN Ch 
IN UI cishiisnelechcadaamhineeibcccciriaeaiariiab 5 18 10 Based on Pressure Loss of 10 } 
Showers (5” to 8” memes Gee 3 6 8 ( t Hbs./100 ft. Run) 
Lavatory Basins............... 3 5 8 
Laundry Tubs... iin s 10 For 4 and 5 Stories 
Sinks (Kitchen & Pantry)... eee 4 8 
c ! 12 
Hose (Sprinkling & Washing).......... 5 8 10 No. of APARTMENTS PER FLOOR 
: 3. ¥:: | ee 2 3 5 Baths Four Six tin 
Toilet Flush (Flushometer )................ 20 30 40 
Gals, Main | Gals, Main | Gals. Main | Gal, tap 
a and Brass Research Association figures, supported by other 1 bath 120 214" 160 3° 200 3° — 
Shaths | 300 3° | wo 3 | 80S 
Expected Consumption Rates and Requisite Lay 
Pipe Sizes in Apartment Buildings For 6, 7 and 8 Stories 
The following tables taken from a bulletin of the Bridgeport $$ 
Brass Co. indicate expected reasonable rates of draft by apart- EES FER FLGER 
ments of —, sizes and number of baths. Also is listed the ie of Four ~ Six Eight | ta 
minimum sizes of service lines and recommended sizes of riser r a Pee 
pipes, based on a pressure loss of 10 Ibs./100 ft. of run, and Gele. __Main | Gale, Main | Gale, Main | Ga, tay 
terminal fixtures pressure of 15 lbs./sq./in. during water use in i J - 3" 190 ae 3° 270 
. a ° . 
all apartments on the same riser, from top floor to ground. 3 bath 9303" a0 3 f+ 34° oe ay 
TABLE 1. For 9, 10, 11 and 12 Stories 
RATES OF USE AND WATER SUPPLY RISERS FOR 
APARTMENT HOUSES te. of ae wa Cane 
(Based Upon 1-2 & 3 Baths per Ap’t.) Baths | Four Six Eight —ta 
Gals. Main | Gals. Main | Gals. Main | Gals: Main 
on 5 Bath mee ee, -> om ay 3 Three A. oi Bath ——_ 1 bath | 900 3° 250 3° 7 :  gye 350 94 | 
: wie, 8 als. 2 W. C. 4 cals. : W. ¢. 18 gals 2 baths 250 3 . 300 Hie ai 400 = ii 
1 lav. 4 gale. 2 love. 6 gals. 3 lavs 9 gals. $3 baths | _300_ _3% s6o__3 3 450 4’ j 
60% demand, ‘Sf min. 40%. 20 a min. 40%. 24 gals. a. 
—_— Lae me RISER; CCS RISER | | RISER DELIVERY THROUGH BRASS AND COPPER PIPRs | 
Top Floor 15 gals. 1%" 20 gals. | 1%" 24 gals. | 1%" OF VARIOUS SIZES FOR VARIOUS PRESSURE DRops 
xt Ils. | 14%" | 3 . | 14" ¥ iE ‘ ; 
Next. 38 outa. 114" $4 cals, 24 $4 cals. 2° (Each line being 100 ft. long) 
Next 61 gals. | 2” | 68 gals. | 2° 82 gals. | 2” Pressure : . P| 
Next GOgals. | 2° | 8Ogals. | 2° 96 gals. | 214" Drop Gallons per Min. Delivery Through 
Next 67 gals. 2” | 90 gals. | 2° 108 gals. 21," Ww TA 7 1" 7g my 7 
Next | 71 gals. | 2° Ft 214" 117 gals. | 214" (Lbs.) is - - Ya 2h, 
ext gals. _ gals. %," gals. | 214° 5 13 40 80 =: 150 
Next | 81 gals. 2 108 gals. 24, 134 gals. 2% 10 3 5 10 20 60 130 225 
Next $3 gals. | 2° 4 24" 143 gals. | 24" 20 4 7 15 30 9 200 MW 
pom ---| Some | | ee | oe ieee | Se 3S. 9 1250 
BLOTTING OUT WASTE 
Safe Water What Leaks May Cost 
delivered night and day [tf SE” sie ae 
Costs Less \s 47,600 1,451,800 $156.21 
than anything else you buy 
; but - - 4%" ©) 12,300 375,150 60.05 
Don’t Ignore 
nem ge 
Satisfied customers are worth 1 ° 860 26,230 6.35 
more to us than revenue 
secured from water uselessl 1 
passing through meters. <r . 215 6,550 1.97 
INDIANAPOLIS WATER Co. [Zismc machaes Sksaseen for fraston toast 





The above is a reproduction of the top side of a little blotter 
sent out to customers, reminding them of the high cost of allow- 
ing fixture leaks to persist. If as good at blotting waste as ink, 
the scheme is praiseworthy. 

Incidentally, the Indianapolis Water Company gets in a good 
public-relations message about satisfied customers being worth 
more to them than the added revenue from the uselessly metered 


wastage. 
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COPPER SULPHATE 


Some Aspects of Its Usefulness and Methods of Application 


By PAUL WEIR, Supt. of Filtration 
Atlanta, Georgia 


‘THE utilitarian value of copper sulphate in the water purifi- 
cation plant has now come of age and it should be considered 
in the same light as other chemicals in the water treatment field. 
It should be applied by calibrated equipment of a permanent na- 
ture and not promiscuously fed through a dilapidated contrap- 
tion. Proper equipment means effective and economical control. 

Copper sulphate is essentially chemically pure, 25% of its 
weight being pure copper. It can be secured in a variety of crys- 
tal sizes from large lumps to fine powder. It is conveniently 
packaged in wooden barrels and 100-pound bags. 7 

Copper is usually applied at two principal points in the purif- 
cation process: 

I. Open storage reservoirs. 

If. In conjunction with other purification chemicals. 


Methods of Application 


Alone 


The following four methods are most generally used in treat- 
ing open storage reservoirs, depending upon their size, intensity 


pound bag of copper sulphate. A 25 to 50 foot sash cord, attached 
to the inner tube, permits a person to pull this device easily from 
the shore line. Atlanta has two raw water impounding reservoirs 
with a total surface area of 60 acres. Each reservoir has ap- 
proximately 6,000 feet of shore line which requires 150 pounds of 
copper sulphate thus applied each month. 

There are certain circumstances, however, that are not con- 
ducive to this simple method of treatment. It may be more 
expedient and economical, on the whole, to use the dispersion 
box and the spray or dry crystal blower methods of distribution. 


With Other Chemicals 


It has been frequently found necessary to apply copper sul- 
phate continuously, at the inlet of the mixing chamber, or at other 
convenient points, during times when micro-organisms are most 
abundant and are not entirely reduced by reservoir treatment 
alone. This may be accomplished by making a concentrated solu- 
tion in a paraffine-lined wooden barrel, or other acid resisting 
container. An orifice or stopcock drains the solution from the 
container into the water to be treated, necessitating recharging 


—, 
of organism, propagation, and available equipment. at frequent intervals. This type of equipment is usually a make- 
J (a) Porous bag suspension. shift and is not conducive to uniform and economical feeding. 
a (b) Perforated dispersion box or basket. We at Atlanta have endeavored to make our copper feeding 
Main (c) Solution spray—(surface atomization). equipment permanent—(see illustrations). These feeders are of 
™ (d) Pulverized crystal blower—(surface dusting). the solution type, and are mounted out-of-doors at the influent 
ig One of the simplest methods of copper sulphate application con- and effluent ends of the mixing chamber. A standard 3 foot 
. ae sists in the placing of about 25 pounds of the crystals in burlap length of 24 inch diameter terra cotta pipe is set in 4 inches of 
bags, or porous baskets, and attaching them to a boat, either concrete grout, with the bell at the top. The lower 18 inches of 
astern or at the sides, so that they will drag in the water to be this pipe is filled with sand and sealed with about 3 inches of 
: treated. Additional refills may be used as needed. It has been concrete. Into the top 18 inches is fitted a circular lead con- 
PIPES | frequently suggested that the boat should follow a definite course, tainer which rests upon the concrete slab. A heavy walled lead 
DROPS | one series of parallel paths from 20 to 50 feet apart, and if the pipe of 1 in. diameter leads from the bottom of the circular lead 
reservoir is deep, a second course should be made at right angles container down and through the side of the terra cotta pipe and 
} to the first in — formation. 
Another method has been developed at COPPER SULP, 
Atlanta, whereby the shore line and areas ATL a FEEDER 
2u4," too shallow for boat travel may be treated DEPT OF FILTRA TION 
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— in an effective and economical manner. An 
150 inflated automobile inner tube is laced with 
= rope or heavy twine, in a spider web or net 

effect. This floating basket supports a 25- 
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i 
One of the Atlanta Copper Sulphate 24" > 
Feeders ' 
(Modified Shelton Design) Constructed by The Atlanta Copper Feed in Detail 
. Atlanta Water Department (See detail (Note simplicity of construction and dosage control by needle- 
sketch) valve setting for water feed only) 
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Courtesy—Tennesse Copper Co., Copper Hill, Tennessee 


From This Graph Is Determined the Rate of Water Feed Required to Dissolve and Feed the Desired Dosage of Copper 
Use of the graph in arriving at the correct water rate setting per pound of copper sulphate required per hour is explained on the 
graph. The solution discharged is saturated, varying in concentration with the temperature of feed water, consequently the need for 


water temperature readings and use of this helpful graph. 


to the point of application. A small, circular, perforated lead 
baffle fits over the inlet to the feed line to prevent stoppage. Dry 
crystals (random size) are placed in the circular lead dissolving 
pot. Water from a 3-in. copper line flows through a pressure 
reducing valve, thence through a small orifice, where it drips 
into the copper crystals, forming a uniform saturated solution 
of copper sulphate. This flows out at the bottom of the pot. 
The quantity of copper sulphate is readily controlled by a cali- 
brated needle valve, which admits the water through the orifice 
into the bed of copper crystals. The water flow is set in accord- 
ance with the temperature-solubility curve, here reproduced, so 
as to secure the desired rate of copper application. 


An attractive metal mushroom-type cover protects the equip- 
ment from the elements. This apparatus is inexpensive to build, 
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easy to operate, and is subject to accurate calibration to give the 
required dose. Its neat design makes it an asset to any plant. 
It will operate without adjustment for days, still maintaining the 
original setting and feed rate. One decided advantage, over many 
other types of home-made equipment, is that the control involves 
the feeding of nothing more difficult than pure water through 
the small orifice, rather than a corrosive or encrusting solution, 
as is usually the case with solution feed equipment. Small par- 
ticles of foreign matter or undissolved crystals soon obstruct 
most any type of restricted orifice when employed in feeding 
copper sulphate solution. 


Dissolving Water at Constant Temperature 


It becomes apparent, from a study of the accompanying chart, 
employed in arriving at the flow rate for the dissolving water 
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stream io oe produced ata constant temperature, or at a tem- 
conor which fluctuates but slightly, a worth while advantage 
pera 
accrues. | 

To attain 
eration of a SC 


such a desideratum, or an approach thereto, consid- 
heme for producing a supply of water at ground 
mperature, as developed in the Atlanta Water Depart- 

grater IS uggested. This scheme is an invention of Mr. William 
-_  ilanta’s late Superintendent of Construction and Distri- 
a. “which was first described and illustrated in detail in 
bution, Works and Sewerage.” The descriptive article and draw- 
Reg reprinted on page 65 of the Data Section of the very 
1h i], 1939, issue. 
wefol Apri, Mscheme consists of employing an existing well, or 
In 4 new 4 inch well down into ground water to such a 
ory a 5 foot long coil, made up of pure copper tubing, 
= be submerged in the ground water for the most part, if not 
= jetely so. The inlet (upper end) of the coil connects to a 
4 ipe from the city supply main. The outlet (lower end) 
yo dna through a % in. riser of copper tube, running up 
alae of or through the center of the coil. The city water 
7 ply will cooled or warmed, as the case may be, to the 
= constant temperature of the ground water which is con- 
gantly moving across non-pumped wells, or upwards through 
oumped wells. By this method, in Atlanta, water has been cooled 
ind kept flowing under main pressure at 66 deg. F., although the 
ty water entering Mr. Rapp’s “ground cooler” has been as high 
¢ 87 deg. F. during the summer period. — 
“In connection with the production and displacement of a satu- 
ated solution of a chemical in dosage control, the matter of what 
emperature is not the important consideration, but rather the 
sroduction of a fairly constant temperature feed water, and knowl- 
sige of the concentration of saturated solution at such tempera- 
wre. Naturally, some thought must at the same time be given 
insulation of the dissolving pot in order that the chosen water 
temperature may be maintained fairly constant while passing 
through the saturation-pot. 

We realize that there are other methods of producing water 
xt thermostatically controlled temperatures, with constancy, but 
we rather enjoy the idea of letting Nature contribute its bit 
through use of the economical and fool-proof equipment and 
scheme of the eminently practical Mr. Rapp. 


fect of Copper Sulphate on Organisms 


Microscopic examinations and threshold odor tests are impor- 
tant in attaining efficient application and control of copper sul- 
phate treatment. There is not one fixed dosage of copper sulphate 
siitable for any one condition; but, generally speaking, an appli- 
cation of 2 to 10 pounds per million gallons of water will be 
found effective in the elimination of the most objectionable mi- 
crscopic growths. And, continuous application of small doses 
usally gives good results in bringing about practical elimination 
most of the more common and troublesome types. A twelve 
month program of application, on larger reservoirs, and early 
yason control in mixing chamber, etc., makes possible the use of 
small applications and effects a maximum of organism reduction 
ithout taste and odor formation. 

Copper sulphate should be used to prevent microscopic growths 
na water purification system, rather than to kill the organisms 
ater they have grown to large numbers. A small quantity of 
upper sulphate applied continuously during the growing season, 
r certainly at frequent intervals, will keep growths at a mini- 
mum and will also prove over-all a more economical procedure. 
When it is convenient to lower the water line in a water treat- 
ment plant or dewater it entirely, algae adhering to the walls may 
eliminated by spraying or washing the exposed area with a 
i; solution of copper sulphate. 


iter Bed Clogging 


A number of water plant operators have experienced a partial 
not an almost complete clogging of filter beds by micro-organ- 
isms. Greatest relief has been had when copper sulphate treat- 
ment was begun and continuously applied during the propagation 
wason. Diatoma and synedra are usually the chief offenders and 
nay be killed, or reduced, by using approximately 2 to 6 pounds 
' CuSO, per million gallons of water. 

At Spartanburg (1), Marquis describes a situation where a 
few plant was put into service, after the supply reservoir had 
ben idle a long time, permitting a luxuriant growth of algae. 
Rapid sand filters became so densely matted with algae that filter 
ns were reduced to 14%4 hours between washings. The wash 
ater consumption reached 25% of the total pumpage and the 
ity was on the verge of a water shortage. Copper sulphate was 
mmediately applied to an area 1,000 feet in front of the raw- 
ater intake by dragging copper sulphate crystals in a burlap bag 
itened behind a boat. Approximately 13 pounds of CuSO, 
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were used for each million gallons of water. This treatment 
was continued daily until relief was apparent at the filter plant. 
After the initial emergency was over, copper sulphate was regu- 
larly applied by solution feed at the inlet of the mixing cham- 
ber. Dosages ranged from 2 to 13 pounds per million gallons. 
This same procedure has been followed yearly since, without sim- 
ilar reoccurrence. 

A few years ago, Atlanta experienced the formation of trouble- 
some sheets of microorganisms, in the impounding reservoirs, 
which reduced filter runs from 120 hours to 20 hours between 
washings. Taste and odor complaints ensued. This was rectified 
by monthly applications of CuSO,, at the edge of the reservoir 
and also continuous application at the inlet of the mixing cham- 
ber, when the raw water turbidity drops below 25 p.p.m. At 
such times 2 to 7 pounds of CuSO, per million gallons of water 
are used to combat these growths, with satisfactory results. The 
continuous application of 4 pounds of copper sulphate per million 
at Atianta, during periods of algae propagation, has materially 
reduced tastes and odors, chlorine consuming substances, and co- 
agulant used. This results in a more palatable drinking water, 
at a reasonable cost, and filter runs at Atlanta are almost directly 
proportion! to the concentration of micro-organisms in the applied 
water. 


The Question of Copper on Health 


It is believed that the judicious use of copper sulphate to pre- 
vent and kill algae in water purification systems is not harmful 
to health and is sanctioned by practically every State Department 
of Health in the U. S. A. (2). 

Reliable authorities (3) have more recently proven that doses 

of CuSQ,, as high as 100 pounds per million gallons, could be 
used with alum coagulation, if the pH of the water is above 6.3, 
without danger of copper passing the filters. 
’ Negus (4) states that it is necessary for about 30 p.p.m. of 
copper ions (120 p.p.m. of copper sulphate) to be present in 
water to stain white plumbing fixtures. He further states that 
research and experience have proven that a copper limit of 0.2 
p.pm. (about one-half the amount present in cow’s milk) is much 
lower than necessary. Conservatively, five times this amount 
(1.0 p.p.m.) would still be considered safe. 


Uses Other than as an Algaecide 


Copper sulphate is said to increase the toxicity of ammonia- 
chlorine sterilization under certain conditions. 

At Indianapolis the combination of pre-chlorination and copper 
sulphate has proved highly effective. 

Copper sulphate has been successfully used, with aluminum sul- 
phate, to control algae growths on the vertical side walls of res- 
ervoirs and basins. Eight to 16 pounds per million gallons of 
copper sulphate proved satisfactory in this undertaking (5). 

Copper salts are highly effective coagulants and Damn and 
Bock (6) report that when milk waste was treated with two 
pounds of copper sulphate to between 225 and 275 cu. ft. of waste 
a good floc was produced. A clear effluent was obtained by pass- 
ing the flocculated material through a magnetite filter. The pre- 
cipitated sludge is said to have possibilities as a fertilizer. 


Conclusions 


Fundamentally, all structures entering into the storage, puri- 
fication, and distribution of water supplies should be maintained in 
a high degree of cleanliness, free from slimes, growths and de- 
posits. Treatment with copper sulphate continuously, where pos- 
sible, or intermittently where absolutely necessary due to local 
conditions, accomplishes this. 

Experience in many plants shows that copper sulphate contrib- 
utes to better operation not only through algae control but bet- 
terment of plant operation by its effect upon floc, filter condition, 
and appearance of finished water. 

During 40 years of usage copper sulphate has demonstrated its 
indispensability in water treatment and deserves regard as one of 
our most important water purification chemicals. 

Like the famed “ounce of prevention,” a pound of copper ef- 
fectively timed and placed is worth more than “tons” of regrets 
and explanations. 
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INFILCO INC. 











Water Conditioning, Sewage Treating, Hydraulic Control 1’ 
and Chemical Feed Equipment 
325 W. 25TH PLACE, CHICAGO 16, ILL. ; 
PRODUCTS alt ae: 
ACCELATORS—Clarifying, softening and FILTERS—Concrete and wood gravity, pres- SOFTENING PLANTS—1tj 
stabilizin sure and disk type water filters; also oil Flow, Accelator and Zeolite oo Hot. 
AERATORS—Multi-Cone, forced draft, coke removal, swimming pool, etc. synthetic gel, carbonaceous oe 
ous 


tray and cascade; floating and adjustable 
cone aerator nozzles 
BOILER FEED WATER TREATMENT 
PLANTS—Softener and silica removal 
CARBON (Activated) PURIFIERS—Taste, 
odor and color removal plants i 
CHEMICAL FEEDERS—Dry and solution 


FILTER PLANT EQUIPMENT—Controls, 
gauges, flow meters, indicators, recorders, 
operating tables, transfer switches, etc. 

GAUGES—Rate of flow, loss of head, liquid 
level, etc. 

ION EXCHANGER PLANTS 

LIME FEEDERS AND SLAKERS 


STERILIZING EQUIPMENT 
VENTURI TUBES PLANT; 
WATER FILTERS AND FILTER Pay; 


types, combination mixers and feeders 
COLOR REMOVAL PLANTS 


ea 2 —— a A of Accelo-Bicz, Accelo-Filter, activators, co- guuitine 
ow, liquid level and hydraulic vaive agulators, clarifiers, dosing siphons, rotary AND ZEO 
DEMINERALIZATION PLANTS FOR pare mre ng samplers SOFTENERS LITE WATER 


WATER AND SUGAR 


WATER CONDITIONING EQUIPMENT 


INFILCO SERVICES 


NFILCO has specialized in the design and manufacture of 
| all kinds of water conditioning equipment—from Accelators 
to Zeolites—for over forty years. 


The consulting engineer or his client can specify “Infilco” through- 
out the water treating plant knowing that such equipment has the 
benefit of Infilco’s vast experience in supplying thousands of in- 
stallations. Specifying one brand of equipment throughout gives the 
added assurance of undivided responsibility and coordinated results. 
The services of Infilco’s staff of competent engineers and their 
complete laboratory facilities, ready to cooperate in making recom- 
mendations and reports, are at the disposal of the consulting 
engineer or his client. 


ACCELATOR SOFTENERS AND CLARIFIERS 


The Accelator for water soften- 
ing and clarifying is one of the 
most important water treat- 
ing developments in _ recent 
years. While retaining all of 
the advantages found in the con- 
ventional lime or lime-soda proc- 
esses, it offers many new advan- 
tages. Treating, mixing, reaction 
and clarification, all are carried 
out in an incredibly small space. Treating chemicals are applied in 
a new way. Reactions occur under new conditions. Size is but a 
fraction of that for old type plants where design was based upon 
holding time requirements for chemical and physical reactions 
and for sedimentation. 


ZEOLITES AND ZEOLITE SOFTENERS 


Infilco Zeolite 
Softeners are of 
either pressure or 
gravity type, and 
are built in sizes 
to meet any ca- 
pacity require- 
ment. Controls 
are furnished for 
either manual, 
semi-automatic or 
full automatic op- 
eration as desired. 
A variety of Infilco Zeolites are available, and the selection of type 
to be used will depend upon the characteristics of the water to be 
softened and upon requirements. All Infilco Zeolites are capable 
of quick regeneration, considerable overload capacity and opera- 
tion at high rates of flow. 
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SEWAGE TREATING EQUIPMENT— 





WATER SOFTENIN 
ATER G PLANTS oF 41; 4 


CONTROLLERS AND GAUGES 


Infilco Rate of Flow Controllers, 
for automatically maintaining uni- 
form rates of flow, are noted for 
their accuracy, low loss of head, re- 
set and rate setter features. Inalco 
Water Level Controllers operate hy- 
draulically controlled valves to main- 
tain proper liquid levels. 





Infilco Indicating and Recording 
Rate of Flow, Loss of Head and 
Liquid Level Gauges and Illuminated 
Indicators provide visual indication 
and permanent records of plant 
operation. 


PRESSURE AND GRAVITY FILTERS 


Clean, clear water, essential for municipal supply, is assured by 
Infilco pressure or gravity type filter plants, in capacities from: 
hundred gallons per day up. 


The design of every Infilco filter plant is based upon sound engi- 
neering principles, backed by over four decades of experience in 
equipping many hundred municipal water works, and building tens 
of thousands of industrial filters. 














RECARBONATORS 


Infileo Recarbonators are available for the stabilization ¢ 
recarbonation of industrial liquids, trade wastes and lin 
softened water. Infilco equipment provides for the complet 
process of producing, cooling, scrubbing, compressing, dryit 
and applying carbon dioxide gas to the liquid. 


COAGULATORS 


Infilco Coagulators promote economy 
and efficiency in the chemical treatment 
of water and sewage. The applied chem- 
icals are fully utilized by bringing them 
into intimate contact with the liquid 
undergoing treatment. The suspended 
particles are collected rapidly and quickly 
aggregate into masses having very high 
subsiding values. 
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TRANSFER SWITCHES, OPERATING TABLES 
ROBOTROLS AND SAMPLING TABLES 


Infilco Transfer Switches provide finger-tip con- 
trol of hydraulically operated mechanisms. They 
meet every requirement of 4-way plugs or piston 
cocks without their inherent disadvantages. Ex- 
treme compactness is obtained by grouping all 
four separate valves in one body, along with pres- 
sure and waste passages. 

Infilco Operating Tables offer both utility and 
a pleasing appearance. They provide centralized 
and simplified control for a number of hydraulically operated 
valves, and at the same time furnish an attractive mounting for 
the control levers, indicators and gauges. 

The Robotrol is a robot filter, or softener, operator. It back- 
washes (or regenerates) and returns the unit to service—auto- 
matically, efficiently and without supervision. 

Sampling tables furnish a visual check on the condition of raw, 
settled and filtered water. 





HYDRODARCO PURIFIERS 


Hydrodarco is the activated carbon made expressly for water 
purification. Hydrodarco Purifiers, employing beds of granular 
Hydrodarco, automatically remove tastes, odors, chlorine, iron, 
organic color, etc. They are furnished in capacities from a few 
gallons per hour to millions of gallons per day. 


INFILCO FILTER UNDERDRAINS 


Wagner Filter Underdrains pro- 
vide a primary distributing system 
of a manifold and laterals on wide 
centers, with distributing orifices 
along their undersides; and a sec- 
ondary system of Wagner precast 
blocks fitting between the laterals. 
The system fills every requirement 
for perfect wash water distribution. 
With manifold and laterals of Transite (an asbestos and Portland 
cement product) this underdrain is practically everlasting. 











FLUOREX PURIFIERS 


Fluorex is a specially prepared, highly porous and reactive tri- 
calcium phosphate for removing fluorine from water. Fluorex 
Purifiers, with their improved method of regeneration which 
prolongs the active life of the adsorbant and makes possible 
the use of ordinary materials and construction, offer the ideal 
means of removing fluorine. 


AERATORS 


To permit selection of the proper type of 
aerator to meet conditions of head and space 
available, character and quantity of water to 
be handled, and the results desired—Infilco 
offers its MultiCone, forced draft, coke tray, 
floating cone, adjustable cone and cascade 
aerators. 














CHEMICAL FEEDERS AND PROPORTIONERS 


Infilco Chemical Feeders—dry or solution— 
provide means for volumetrically or gravimet- 
rically measuring and feeding chemicals in any 
form: liquid, powdtred, granulated or lump. 
Capacities are from a fraction of a pound to 
hundreds of pounds per hour. 

Infilco Continuous Lime Feeders and Slakers 
combine in one continuous, automatic process, 
the consecutive operations of feeding and slak- 
ing crushed or pebble quicklime, followed by 
the preparation and delivery of a suitable milk 
of lime mixture. 

Infilco Proportioners maintain 
liquid or solid flows, or automatically vary the ratio of one flow 
with respect to another, by electric, hydraulic or mechanical means. 





redetermined ratios between 


SEWAGE TREATING EQUIPMENT 


NFILCO manufactures equipment for all sewage treating 
I processes—chemical, biological and mechanical. In offering 

many products for application in these various processes, 
Infilco also offers the user the advantage of centralized responsi- 
bility, which is important in assuring continued satisfactory 
equipment operation. 


ACCELO BIOX PROCESS 


Accelo Biox is Infilco’s name for a high rate activated sludge 
process involving direct recirculation of aeration tank mixed 
liquor. This process is producing results comparable to those 
obtained in any conventional activated sludge plant and it 
employs only half the aeration tank volume and blower ca- 
pacity. The resulting savings in initial investment and oper- 
ating cost are readily apparent. Designs embodying the 
Accelo Biox Process are available for any sized plant. 


ACCELO-FILTER SYSTEMS 


The Accelo-Filter system provides a 
new and improved method for treat- 
ing sewage and organic wastes by 
constant, direct recirculation through 
the trickling filter. This results in 
repeated inoculation with freshly 
aerated material and provides effec- 
tive reduction of the organic content 
of the biological filter at a consider- 
ably higher dosage rate. 





Aero-Spray Nozzles on a rotary distributor (above) provide a 
fan-shaped variable spray which assures optimum coverage and 
maximum aeration in the application of screened, settled sewage 
to trickling filters. All parts of these improved nozzles are bronze 
to assure long life. 


CLARIFIERS 





f 5 Infilco Types WS and PD 

-# Clarifiers obtain a perfect bal- 
ance of the conditions neces- 
sary for efficient operation of 
a sewage concentrator. These 
Clarifiers are designed with 
curved rotating scraper blades 
that gently concentrate and re- 
move settled material with 
practically no disturbance of 
the liquid. Accordingly, reten- 
tion periods may be selected to avoid both septic action and 
excessive surface scum formation. 
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The two different sizes of Infilco Clarifiers assure effective re- 
-_moval of solids from the sedimentation tank whether it be small 
or large. The WS Clarifier with central motor reducer drive is 
supplied for tank diameters up to 40 feet. For diameters larger 
than 40 feet, there is the PD Clarifier, driven by a horizontal 
motorized reducer through a pinion which meshes with a station- 
ary rack at the tank periphery. 


ROTARY DISTRIBUTORS AND DOSING SIPHONS 


Only Infilco Rotary Dis- 
_tributors offer so many 
important refinements 
fsuch as full-opening arm 
fend gates, mercury seal 
with protective seal ring, 
and corrosion-resistant 
nickel iron castings, 
along with low operat- 
ing head requirements p. 
and uniformity of dis- “as” é 
tribution. Infilco dosing siphons insure perfect operation of dis- 
tribution mechanism at all flow rates. 
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F.B. LEOPOLD CO., INC. 


Manufacturers of 


Water Purification and Sewage Plant Equipment 


422 First Ave. Pittsburgh 19, Pa, 











THE LEOPOLD 
Filter Bottom 
Non-Critical Materials 


Non-Corrosive — Permanent 


The Compound Duplex Filter Bottom is now produced from high 
grade, de-aired fire clay, vitrified and salt glazed. 


This design is not just something new but a tested and approved 
system operating in many plants. 





Standard Filter Block 


The Leopold Filter Bottom cannot be compared with any other type of filter under-drain system as it is 
entirely different and eliminates all the difficulties experienced with other types. Each block is a sep- 
arate collecting and distributing unit of 2 sq. ft. of filter area and assures a positive and equal collection 
of filtered water and distribution of wash water. 


The large gravel bed is eliminated, thus removing the source of most filter troubles. 


The Low Loss of Head through this system (less than 1.50 ft.) at the normal back wash rate, reduces 
pipe and valve sizes, making possible a great economy in piping design. 


Filter Blocks are made in various lengths, making this system adaptable ‘to all sizes of old or new rec- 
tangular filter beds. 


or rebuilding your old filters our large 
stock of material makes prompt shipment 


possible. 


Write for Bulletin 
GFC 101 


\lso Leopold Filter Operating Tables, 
Chemical Feeders, Agitators, Aerators, 


Samplers, Pressure Filters, etc. 


Facilities for furnishing Complete Treat- 





ment Plant Equipment. 
Section of Completed Filter 


——————————— Eee 
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TASTE AND ODOR CONTROL WITH ACTIVATED CARBON 
By E. A. SIGWORTH 


Manager, Water Purification Dept., Industrial Chemical Sales 
Div., West Virginia Pulp and Paper Co., New York, N. Y. 


Actives Carbon is a form of charcoal and, as used in 
water purification, is a very fine powder, or granular product. 
Since the finely powdered form is that most frequently used in 
water purification, the granular form will be eliminated from 
further consideration in this test. 

Activated Carbon may resemble in appearance that of many 
other forms of carbon including charcoal, gas carbon black, etc. 
Therefore, it is not possible by a cursory examination to dis- 
tinguish between an activated and an unactivated carbon. The 
true measure of an activated carbon is what it accomplishes in 
purification, and in the case of water purification this means its 
ability to remove odors and tastes. This removal is accomplished 
by concentration of impurities on the surfaces of the carbon parti- 
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cles. Thus an Activated Carbon may be considered as particles of 
carbon having a tremendous internal afd external surface area 
which has been so purified as to eliminate any foreign materials 
clinging to the surface. 

Activated Carbons work by the physical phenomenon known as 
adsorption. By adsorption we mean the selective removal of 
materials from a solution, such as cloth picking up color from a 
solution when a dress is dyed. This should be distinguished from 
absorption such as is accomplished when water is soaked up by a 
sponge. 


Methods of Application 


Activated Carbon is usually applied continuously to a supply 
as the water passes through the purification system. In order 
to accomplish this, various proportioning devices of both dry and 
solution-type feeding have been employed successfully. Either 
solution or dry feeding equipment can be designed with sufficient 
accuracy to meet requirements in the water works field. The 
particular type of equipment to be employed for feeding depends 
upon the plant set-up, and individual preference. The dry feeding 
type of equipment is most frequently used because it involves less 
labor in feeding and control of the dosage. Many manufacturers 
have placed on the market feeding equipment specially designed 
for feeding activated carbon. It is suggested, however, that be- 
fore purchase, the types of equipment be studied closely from the 
viewpoint of performance under all operating conditions. 


Points of Application 


Activated Carbon is insoluble and when added to water gives 
a black appearance. It is therefore evident that the carbon must 


be removed from the water before it enters the distribution system. 
Thus, carbon is usually applied ahead of sand filters. In normal 
water purification systergs the points where carbon will logically 
be applied are; in the raw water, to the mixing basin, to the set- 
tling basin, or to the filters. Surveys have shown that the most 
common point of application for activated carbon is to the mixing 
basin, although each specific point of application has certain 
inherent advantages which must be taken into consideration in 
attempting to determine that point where best results will be 
accomplished. Furthermore, certain limitations may exist within 
individual plants preventing application at the point where best 
results might be expected. 


First consideration must be given, therefore, to the specific 
design of the purification plant and a decision reached as to which 
points might be employed for the application. Factors which will 
play a part in such decisions are the degree of mixing of carbon 
with the water, and the mechanical design of the purification 
system. Carbon should not be applied where the water is in a 
relatively quiescent state since it will not disperse sufficiently to 
give contact throughout the entire body of water. Thereiore, 
carbon should be applied at points where there is a restricted flow 
of water such as in mixing basins, near baffles in the settling basin, 
or to the filter influent. 


Any point of application of carbon, whether before or after 
coagulation, has some advantages, and disadvantages. For exam- 
ple, where carbon is applied before coagulation, high dosages can 
be applied in order to take care of highly concentrated odors in 
a water supply. On the other hand, application of high dosages 
of carbon after coagulation might adversely affect the length of 
filter runs. Activated carbon when applied prior to coagulation 
partially settles out with the floc, resulting in a stabilizing action 
in the basins, thus decreasing the possibility of the water picking 
up odors due to decomposition within the water purification plant. 
Application of activated carbon to the filters is advantageous 
where odors have increased so suddenly as to get through the 
plant before they are noticed. Thus, application to the filters may 
save several hours of valuable time in controlling the odors. 
Furthermore, application in filters has been reported to be more 
economical because the odors at that point are less concentrated 
as a result of the effect of previous treatments. 


There are so many inherent advantages to the various specific 
points of application that some operators have adopted the policy 
of applying carbon as a split treatment, part being applied to the 
water prior to coagulation and the remainder to the water after 
coagulation. 


Effect of Other Chemicals 


In any severe taste and odor problem it is advisable to consider 
the effect of other chemicals in order to determine the point of 
application of activated carbon which will accomplish maximum 
results. Because the effect of chemical treatment will vary quite 
appreciably within different plants, it is desirable that a study be 
made within the individual plant. Thus, any comments which 
we may make regarding the effect of other chemical treatments 
on odors must be considered as somewhat generalized statements. 
Aeration will normally accomplish an odor reduction of 10-15%, 
depending upon the efficiency of the aeration equipment and the 
concentration and type of odors. Coagulation appears to be a 
variable factor, since odors are sometimes increased and at other 
times are decreased. Actual experiences in plant operation are 
rather difficult to obtain because of the influence of activated 
carbon being utilized in the mixing basin. However, generally 
speaking it appears that coagulation does, in general, reduce odors 
to some slight extent, perhaps 5-10 percent. Filtration is also a 
rather questionable factor because of the influence of carbon with- 
in the treatment plant. As in the case of coagulation, the effect 
of filtration on odor is quite variable, reduction being very pro- 
nounced in some cases but slight in others. Perhaps a general 
all-around figure for the efficiency of filtration in reducing odors 
is approximately 10 percent. Thus the cumulative effect of vari- 
ous treatments of chemicals is relatively minor and cannot 
normally be considered as sufficient to correct a taste and odor 
condition in a water supply. 
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Dosages and Cost of 
Activated Carbon Treatment 


Tastes and odors likely to be encountered in a water supply 
vary considerably. This can be readily understood when it is 
realized that tastes and odors may be caused by algae, decom- 
posing vegetation, leaves, trade wastes, etc. In the case of algae 
alone, each of the many varieties frequently occurring in water 
— will give rise to odors peculiar to the specific type of 
algae. 

Since these many odors are absorbed, in different degrees by 
activated carbon, it is impossible to predict the dosage necessary. 
Furthermore, some odors are much more objectionable than 
others, even at extremely low concentrations. Cases have been 
reported where threshold odors as high as 30 have been considered 
palatable. Yet in one exceptional case many consumer complaints 
resulted from delivering water having a threshold odor of 2. 
In order to eliminate these complaints, it was eventually necessary 
to bring the threshhold odor on the delivered water to a value 
below 1.5 

Thus, in order to determine the carbonate dosage, it is first 
necessary to determine the extent to which the odor must be re- 
moved in order to render the water palatable. Following this, 
the carbon dosage necessary to accomplish the desired removal 
can be determined by employing various amounts in laboratory 
or plant scale tests. The average dosage of carbon being applied 
for eliminating tastes and odors will usually range from 20-40 Ibs. 
per million gallons. However, as explained above, this should be 
considered as only an average figure since lower or appreciably 
higher dosages may be necessary. To give some idea of the dif- 
ferent dosages necessary, let us consider two specific cases. In 
one water plant in the Mid-West it has been found that with 
threshold odors of 100 it is necessary to apply approximately 
800 Ibs. of activated carbon per million gallons in order to deliver 
a palatable water. In another plant in the Eastern part of the 
United States, actual experience demonstrated that with a thresh- 
old odor of 80 in the raw water a carbon dosage of 25 lbs. per 
million gallons resulted in delivering a palatable water to the 
consumer. 

The actual cost of treatment is, necessarily, a variable factor, 
depending upon the quantity of carbon necessary. However, it is 
desirable that costs of treatment should be calculated on an annual 
basis rather than on periodic intervals when a severe taste and 
odor epidemic may occur. If calculations are on an annual basis 
it will be realized that periods of high carbon dosages will be 
offset by those periods when extremely small proportions are 
necessary. Therefore, on an annual basis it has been estimated 
that the average cost of activated carbon for taste and odor con- 
trol would represent only approximately 3c per capita per year. 
Certainly such a low cost for delivering palatable water should 
be no hardship on any community. 


Applications to Reservoirs 


Thus far, consideration has been given to the use of activated 
carbon where sand filters are available for removal of activated 
carbon and adsorbed impurities. Many water systems, through- 
out the country, having no sand filters, are occasionally faced 
with taste and odor problems and, in a number of cases, activated 
carbon has been applied directly to reservoirs. 

Where carbon is applied to reservoirs, provision should be 

made for a sufficient settling period in order to eliminate any 
appreciable quantity of activated carbon entering the distribution 
system. Therefore, where possible the reservoir should be taken 
out of service for two or three days in order to allow the carbon 
particles to settle to the bottom. In some cases it has been im- 
possible to take reservoirs out of service, even for short periods 
of time, and in such cases activated carbon has been applied, 
taking care that the application is not made too close to the outlet 
gate. / 
The dosage of carbon applied to reservoirs is usually kept 
rather low, utilizing from 10-20 lbs. of activated carbon per 
million gallons of water in the reservoir. If this dosage does not 
render the water palatable, further treatment can be made after 
a week or two. Utilizing successive treatments for a reservoir 
has many advantages. In the first place, in the event any carbon 
does not get out into the distribution system small dosages will 
not be noticeable. Furthermore, from the labor point of view 
it is seasier to handle the smaller amounts of carbon utilized in 
the stage treatments. 

In applying activated carbon to a reservoir, it is desirable to 
wet the carbon thoroughly before application since carbon parti- 
cles have a tendency to float upon the surface of the water. 
The recommended procedure is that followed by Marshall S. 
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Wellington in treating the Beaver Brook Reservoir at New 
an Connecticut. He has described the method employed as 
ollows: 


“Two one inch holes were bored on opposite sides of a fifty 
gallon barrel near the bottom. Glass tubing with an inside 
diameter of an ordinary pencil was inserted in the rubber 
stoppers and the stoppers in their turn inserted in the holes 
in the barrel. Small stoppers were then inserted in the other 
ends of the pieces of glass tubing. The barrel was then placed 
on the stern of a boat. This allowed the outlet ends of the 
glass tubing to remain about four inches above the surface 
of the water. The man power was distributed as follows: 
One man to add the activated carbon to the barrel and to 
keep it agitated. The second man to row the boat. The 
third man in the bow of the boat with a hydrant pump to 
keep a supply of water from the lake going into the barrel. 
The outlets on the glass tubes were made the proper size so 
that the man could keep the barrel full and yet not be over- 
worked. 

“The carbon was mixed in a heavy soupy mixture in the 
barrel at the start, and when the boat arrived at the place 
to start treatment the small stoppers were removed and the 
mixture allowed to run out. The man at the barrel added 
fresh carbon when the mixture became too thin, while the 
man with the pump kept the barrel full. The boat was rowed 
in a similar manner as when Copper Sulfate was applied. 
This method allowed the carbon to be added in a continuous 
manner at a very fast rate. A very noticeable feature of this 
method was the fact that the mixture flowing from the glass 
tubes penetrated under the surface of the water before it 
started to spread. After the addition of the carbon was 
completed there was very little floating on the surface of the 
water.” 


Application of activated carbon to a reservoir in sufficient quan- 
tity to control tastes and odors appears to have quite a lasting 
effect as evidenced by the fact that treatment is usually not 
necessary for a period of two or more years. This may be due 
to the film of carbon which has formed on the bottom of the 
reservoir. Experiences in water purification plants have demon- 
strated the stabilizing influence of activated carbon on sludge 
decomposition and it is quite possible that the carbon on the 
bottom of the reservoir ig exerting a similar influence. There is 
also a possibility that the black carbon film may have some 
tendency to discourage certain types of algae growths. 


Although the original cost for treatment of a reservoir with 
activated carbon may be considered somewhat high, the possible 
extended influence of the carbon for long periods of time should 
demonstrate definite economy for this method of carbon treatment. 


Blackout of Algae 


The first application of activated carbon for algae blackout is 
credited to William P. Bailey at the City Water Works, Council 
Bluffs, Iowa. Although the successful use of activated carbon 
for algae control in settling basins was discovered by Mr. Bailey 
many years ago, it has only been recently that other plants have 
adopted this application. At the Council Bluffs plant, activated 
carbon was applied, not only to control algae, but also to remove 
odors. The amount of activated carbon necessary for taste and 
odor control was ample to accomplish algae blackout, consequently 
the most economical carbon dosage necessary to accomplish this 
blackout was not determined. It remained for Hartung and 
Lischer, St. Louis County Water Dept., St. Louis, Missouri, to 
determine the dosage of carbon necessary to treat a particular 
area of setiling basins. At the St. Louis County Water Company 
plant, it was found that algae could be controlled at a dosage 
of approximately % lb. per thousand square feet of area. Records 
reported by Bailey on operations at Council Bluffs, Iowa, show 
that the average carbon dosage was 1.47 pounds per thousand 
square feet. lt should be realized, however, that this latter 
dosage was utilized to accomplish taste and odor control as 
well as algae blackout. 

The method of application of activated carbon for algae control 
is somewhat similar to that recommended for reservoir appli- 
cation. The carbon is thoroughly wet and distributed over the 
surface of the basin once or twice a day. Since carbon is applied 
to exclude sunlight, it will be realized that application is not 
essential on cloudy days. Further details in the use of activated 
carbon for algae blackout are contained in a booklet entitled 
“TASTE AND ODOR CONTROL IN WATER PURIFICA- 
TION”* 

*Gratis copies available from Industrial Chemical Sales Divi- 


sion, West Virginia Pulp & Paper Company, 230 Park Avenue, 
New York, N. Y. 
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TELEPHONE LOngacre 3-4930 


CHARLOTTE 3, N. C., 381 E. More- 
CHATTANOOGA 2, TENN., 517 Hamil- 


CHICAGO 5, ILL., 407 So. Dearborn St. 
CINCINNATI 8, OHIO, 3119 Griest St. 


THE PERMUTIT COMPANY 


W orld’s Largest Manufacturer of Water Conditioning Equipment 
330 WEST 42nd St., N. Y. C. 18 


Cable Address: “"PERMUTIT" 
SALES OFFICES: 


CLEVELAND 15, OHIO, 1836 Euclid Ave. 
DALLAS 6, TEX., 5804 Anita St. 

DAYTON 8, OHIO, 931 Patterson Rd. 
DETROIT 26, MICH., 502 Free Press Bldg. 
JACKSONVILLE 2, FLA., 131 E. Bay St. 
KANSAS CITY 8, MO., 215 Pershing Rd. 


PERMUTIT COMPANY OF CANADA, LTD. 


Calgary, Alberta—Stanley Brock, Ltd., 523 8th Ave., West 
Toronto, Ont.—S. A. McWilliams, Ltd., 60 Front Street, West 


Winnipeg, Manitoba—Stanley Brock, Ltd., 145 Mkt. St., East 
Montreal, Quebec—C. Kirkland McLeod, 1449 Crescent St. 


LOS ANGELES 15, CALIF., 405 So. Hill 
Street 

MINNEAPOLIS 2, MINN., 307 Essex Bldg. 

PHILADELPHIA 3, PA., 34 South 17th St. 

PITTSBURGH 12, PA., 615 Dollar Savings 
& Trust Bldg. 

ST. LOUIS, MO., 3903 Olive St. 

SYRACUSE 6, N. Y., [11 Rugby Road 





















FASTER, MORE ECONOMICAL COLD LIME TREATMENT 
.. +» WITH PERMUTIT'S NEW SPAULDING PRECIPITATOR 


This revolutionary new equipment removes hardness and suspended solids in a much 
| shorter detention period, saves chemicals, takes only half the space of old-type plants. 


| The raw water and chemicals are mixed in a compartment where they are agitated with 
the suspended sludge from previously treated water. This speeds precipitation. The 
| water and precipitates then pass into the filter upflow compartment which has a grad- 


is clear, and may not need further filtration. 


} ually increasing cross-section. The gradually reduced velocity of upflow supports the 
sludge filter at uniform density throughout the filtering zone. A rate of flow is 
reached at which the sludge is no longer supported, but drops sharply out. The effluent 





Permutit makes every type 
and size of water conditioning 
equipment. Here are a few: 


ZEOLITE WATER SOFTENERS 


In Permutit's pressure zeolite softeners, a 
single multi-port valve, operated automatically 
or manually, conducts the raw water into a 
shell, distributes it evenly through a bed of 
zeolite and collects it, the water flowing to 
service completely softened. The valve also 
controls backwashing to clean the bed, regen- 
eration with brine, and rinsing. Gravity zeolite 
units are also available. 


PERMUTIT’S SPIRACTOR 


The new cold lime soda water softener based 
on "catalytic precipitation" principle. Soft 
water in 8 minutes...no settling or sludge... 
Saves space and time. 


PERMUTIT’S DEMINERALIZER 


Produces a water practically free of all salts, at 
a fraction of the cost of distillation. 


WATER FILTERS 


Automatic and manual, 
gravity and pressure. 


IRON REMOVAL FILTERS 
FLOC FORMERS 
SWIMMING POOL EQUIPMENT 















330 West 42nd St. 


WRITE FOR FREE BULLETINS: 


THE PERMUTIT COMPANY, DEPT. G1 
New York 18, N. Y. 








WATER CONDITIONING HEADQUARTERS 
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WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus, 





i 





Dry Chemical Feed Devices, Ete. | 

Newark 1, New Jersey 

“THE ONLY SAFE WATER IS A STERILIZED WATER” | 

REPRESENTED IN 

Albany Chicago Greensboro Lexington Pittsburgh Seattle | 
Atlanta Cleveland Houston Los Angeles Portland, Ore. St. Louis 
Boston Columbus Indianapolis Lubbock Roanoke Spokane 

Bridgeport Dallas Jacksonville Minneapolis San Antonio Syracuse { 

Buffalo Denver Kansas City Oklahoma City San Francisco Washington, p ( 

Charlotte Detroit Knoxville Philadelphia — 

Wallace & Tiernan Ltd., Toronto, Canada Wallace & Tiernan Ltd., Montreal Canada 

Wallace & Tiernan Ltd., Winnipeg, Canada Wallace & Tiernan Ltd., London, England | 

eens: 

BREAK-POINT CHLORINATION signed to meet. This equipment feeds either calcium o 


sodium hypochloride in solution form and js furnishes 
in three types. 

The Electrically Operated type is particularly usefyi 
for small pumped water supplies. Since water pressure 
furnishes the major part of the operating power, the 
cost of electricity is but a few cents a day. Water Op. 
erated Hypochlorinators are either manually or auto- 


Recent developments in water works practice show 
that bacteria practically cease to exist where Break- 
Point Chlorination residuals are maintained. This is 
because the process assures the production of free avail- 
able chlorine residuals which have a high killing poten- 
tial. Involving the application of considerably larger 
quantities of chlorine than have heretofore been con- 
sidered standard practice, this new technique has been matically controlled. The manual type is only suitable 
developed through an increased understanding of what where the flows are constant and where electric current 
takes place when chlorine is added to water. In many is unavailable. The automatic type proportions the 
plants, bacterial control by Break-Point Chlorination has chlorine solution to the flow of water and is especially 
been augmented with additional benefits such as vastly adapted for small gravity water supplies with wide vari- 


increased length of filter runs, improved color and en- ations in flow. 
hanced plant capacity. 
TYPE MDPA DIRECT 
FEED AMMONIATOR 
A. self-contained unit specially 
adapted to handling ammonia gas, 
embodying the same sound principles 
of design and construction exempli- 
fied in W&T chlorinators. Rugged, 
accurate and dependable. 


TYPE MASV AUTOMATIC 
SOLUTION FEED 
VISIBLE VACUUM CHLORINATOR .- 





Where unusual or extreme 
fluctuations in water or sewage 
flow are to be chlorinated, the 
MASV type meets the require- 
ments. It embodies all the ad- 
vantages of automatic propor- 





tioning of chlorine feed, and au 
: ' . ‘ Type MDPA 
tomatic starting and stopping with 7 +n oes 


the outstanding features of the 
Visible Vacuum Control Chlori- 
nator—rugged construction, sim- 


DRY CHEMICAL FEEDERS 


For the application of dy 


plicity of operation and low Type MASV Automatic | W i Tj : 
BX eee Visible Vacuum chemicals allace & Tiernan ot- 
maintenance costs. =< A ene als, allace & 


fers a complete line of feeding 
equipment. The Types MC 
MOF, and MOI Dry Feeders in- 
clude such advantages as positive 
agitation, easy calibration and ac 
curate feed over ranges of from} 
0.5 to 200 pounds per hour, de 
pending upon the chemical used 


THE W&T HYPOCHLORINATOR 


. 





W&T Dry Chemical 


Feeder 
CONVENIENCE 


W&T is represented in each of the 34 cities listed b 
Page 236 by a staff of chlorination specialists to assis 
in selecting proper equipment for any chlorination prob- 
lem. Their recommendations involve no obligation. | 





W&T Hypechlorinator 
Current literature on the many phases of chlorin ation, 


Chlorination of small water supplies involves prob- ammoniation and dry chemical feed is available or 


lems which the W&T Hypochlorinator is especially de- request. 
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CHLORINE DIOXIDE TREATMENT OF WATER 


By JOHN F. SYNAN, J. D. MacMAHON and G. P. VINCENT 
The Mathieson Alkali Works (Inc.), New York, N. Y. 


HE chemical purification of public water supplies in this 
4 ponte is hardly forty years old. In this time, the use of 
chlorine gas or of hypochlorites in water treatment has become 
standard practice throughout the United States. 

Now an even more effective water treatment has become pos- 
sible, utilizing the powerful oxidizing gas, chlorine dioxide, ClOs. 

Chlorine dioxide, because of its instability, cannot be produced 
in bulk and stored until wanted. It must be generated in very 
low concentrations at the point of use, and consumed immediately. 
This was not feasible until recently, chiefly because of the difh- 
culties inherent in the accepted method of generating the gas by 
reacting potassium chlorate with sulfuric acid. This method is 
low in production efficiency, does not give a pure product, gives 
rise to serious corrosion troubles, and is difficult to control. 


RAW WATER INTAKE 


RAW WATER PUMP 




















A new source of chlorine dioxide was made available a few 
years ago when sodium chlorite, NaClO. was introduced com- 
mercially. Pure sodium chlorite is a white powder, stable both in 
the solid state and in solution. It is intermediate in properties 
between hypochlorite and chlorate, and contains 158 per cent 
available chlorine.t The commercial product is flaked and con- 
tains approximately 75 per cent chlorite. 


Methods of Preparing C10. 


Several methods have been developed to prepare chlorine di- 
oxide from sodium chlorite. The earliest of these was an electro- 
lytic method’ based on the reaction. 

2 Faradays 
2NaCl + 2NaClO., + 2H20 —>2C102 + 2NaCl + NaOH + H, 
This process produces chlorine dioxide 
under satisfactory conditions for certain 
uses,” but requires complicated equipment. 
It was therefor abandoned when simpler 
and purely chemical processes were in- 


CHLORINATOR 

troduced. ; 
The first of these chemical processes* 
Meant Maree aA PREP was based on the fact that when chlorine 
PRE-CHLORINATION is introduced into a solution of sodium 
| chlorite, the following over-all reaction 

6 takes place at room temperature: 
| aaemmeente and SETTLING 2 NaClO, + Cl, ——-——--> 2 NaCl + 2ClO; 
BASIN This process, utilizing suitable control, 
<<. measuring, and safety devices, is prac- 

i ticable. ; 
Recently a method of generating chlo- 








; 4 ' 4 


res Bee kg a. 


eens 





RAPID SAND FILTERS 








SUPPLY TANK 
NaClO2 SOL. 


METERING PUMP 


rine dioxide by treating dry sodium chlo- 
rite with chlorine has been developed.‘ 
A mixture of chlorine and air is passed 
through two towers lined with stoneware 
and filled with flaked sodium chlorite. 
Chlorine dioxide is formed in accordance 
with the above reaction. Control of air 
and chlorine supplies regulates the amount 
of chlorine dioxide formed.° 

For many processes the dry method is 
superior to the wet process. In the treat- 
ment of water supplies, however, the wet 
method is more applicable. The* most 
practical method for generating chlorine 
dioxide for water treatment consists in 
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TO DISTRIBUTING SYSTEM 


Flow Sheet Showing Chlorine Dioxide Treatment of Water Supplies for Removal 


of Tastes and Odors. 


7 


jEd. Note. The term “available chlorine” is a misnomer. It is 
based on a fallacious concept that the concentration of chlorine 
in a hypochlorite solution is measured by the amount of iodine 
it will displace from a solution of potassium iodide, i.e., on the 
basis that one atom of chlorine will displace one atom of iodine. 
\ctually one molecule of calcium hypochlorite, which contains 
but two atoms of: chlorine will liberate four atoms of iodine from 
potassium iodide. The term “available chlorine’ is therefore a 
measure of the total oxidizing power of the substance being tested 
and is twice the active chlorine value by weight. ‘Available 
chlorine” is determined by titrating the iodine released by the 
hypochlorite from an acidic: solution of potassium iodide and is 
calculated as per cent by weight of the original hypochlorite. 


chin CHLORINE wer) 


FINISHED WATER, FILTERED, POTABLE AND PALATABLE. 


feeding a sodium chlorite solution into 
the discharge line of a Wallace & Tier- 


CHLORINATOR ! \ : 
nan chlorinator and passing the solution 
through a mixing chamber to complete 

Fh, the reaction. 


Properties of Chlorine Dioxide 


At ordinary temperatures and pres- 
sures, chlorine dioxide is a yellow to red, 
unpleasant smelling, irritating gas, with 
a vapor density of approximately 2.4. 
The odor of chlorine dioxide is evident 
at 14 to 17 ppm. and at 45 ppm. it is 
irritating. 

At room temperatures it is soluble in 
water to the extent of 29 grams of 
chlorine dioxide per liter at 30 mm. par- 
tial pressure. Its aqueous solutions are 
decomposed by light. 


Some calculated theoretical ‘‘available chlorine” contents of vari- 
ous hypochlorites are shown in the following table: 


“Available 
_netanen Chlorine’ Content 

SPO TTT CP TTT OR CTT Ce 100% 
HOGI eT T eT ere Tee Tree Tr ee 135.6% 
DEE. dc wens ShdRASUN GRA SAND RACK CL RE DEN SEARO 95.4% 
2 Ee ee ee ere rrr cree 56.0% 
Bleach (impure CaOCle) .........-++6: age eeeeeene 35.0% 
CS. ncion 40'sn etek eed bse oneensednyaveseeenne 99.2% 
HTH (impure Ca(OCl)q)......ccccccccccccccseves 70.0% 
oe EO SS errr ere 158.0% 
Coin COROT GROTIEO 5 inc ccc ccccdcsvevcocdsisee 250.0% 
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The oxidizing power of chlorine dioxide, stated in terms of 
“available chlorine,” is two. and a half times that of chlorine 


itself. This is illustrated on a molecular basis as follows: 
ClO: + 2% H; —————> HCl + 2 H:0 
Ch + He ——————> 2 HCl 


Chlorine Dioxide for Water Treatment 


The development of a practical method for generating chlorine 
dioxide led to investigations of its use in water treatment for the 
destruction of tastes and odors (caused by phenolic wastes or 
algae), and for disinfection. 

Bactericidal Action.—Chlorine dioxide, in our experience, is a 
more effective bactericide than chlorine when tested on distilled 
water to which E. Coli has been added. When used on polluted 
water, however, chlorine dioxide, because it is much more reac- 
tive than chlorine, destroys phenols, algae and other pollutants at 
the same time or prior to its attack on bacteria. For this reason 
the disinfection of polluted waters requires more chlorine diox- 
ide than chlorine. This conclusion, stated by McCarthy’ was 
borne out in a series of experiments using the following waters: 

a. Merrimac River—Tap water from Lawrence, Mass.—culture 

of E. Coli added. A 
b. Merrimac River—Untreated—filtered only. 
c. Niagara River—Tap water from Niagara Falls—culture of E. 
Coli added. . 

d. Niagara River—Untreated—filtered only. : 

e. Ohio River—Untreated—filtered only—from Cincinnati. 

fhe results of these experiments to determine the comparative 
mounts of chlorine and chlorine dioxide required to disinfect 
these various waters are outlined in the following table :* 


C102 Cla 
Coliform ppm.** for ppm.** for 
Index Complete Complete 

Water of Sample Disinfection Disinfection 

(a) 1,000,000 2.0 .50 

(b) 100,000 2.4 0.8-1.0 

(ce) 1,000,000 0.6 0.6 

(da) 100,000 1. 0.8 

(e) 100,000 1.2 1.0 


A comparison of the demand of these waters, i.e., to produce 
a test for residual chlorine, is shown as follows: 

*Procedures as outlined in “Standard Methods of Water Analy- 
sis’’ were used throughout this work 

**Listed as ppm. available chlorine. 


Water ClO: Demand Cle Demana 
GD scxakauccbnesipsiueniyierssnanes 1.99 0.66 
GP:  avatiunetdesdees6es4usenneeeunes 1.01 0.66 
CO) crcccccccccccccccsessscccceseecs 0.89 0.65 


The basic chlorine demand of these various waters remains 
fairly constant, but the chlorine dioxide demand varies with the 
degree of pollution, inasmuch as the chlorine dioxide reacts more 
readily with polluting substances than does chlorine. Therefore 
it will require more chlorine dioxide than chlorine to attain the 
disinfecting reaction. 

Taste and Odor Control—For the improvement of taste and 
odor, chlorine, as ordinarily applied, has not been found to be 
entirely satisfactory, especially where phenolic pollution or gop. 
siderable algae growths occur. The breakpoint method of chlor- 
ination, developed for this purpose within the past six years, js 
not always adequate. Where sharp breakpoints fail to occur 
or where sudden fluctuations in pollution tax the chlorinator be. 
yond its capacity, temporary shut-downs, or even new sources 
of water supply, become necessary. 

Such a situation existed in an auxiliary filter plant of the City 
of Niagara Falls (N. Y.) Water Department. This plant, which 
supplies 3 to 8 mil. gal. per day, or approximately 10 to 20 per 
cent of the total water supply, has an “on-shore” intake which 
becomes so polluted at some times with phenolic compounds and 
at other times so infected with algae that the ordinary method 
of treatment has often failed to produce a palatable water. This 
condition is intensified by the fact that phenolic pollution comes 
in surges rather than at a constant rate, so that the water varies 
greatly even from hour to hour. 


Treatment Used at Niagara Falls 


Experiments undertaken at Niagara Falls to study the possi- 
bilities of chlorine dioxide as a solution to this problem have 
demonstrated that chlorine dioxide destroys such tastes and 
odors. 

Because information on the bactericidal action of chlorine di- 
oxide is still incomplete, it was considered inadvisable to attempt 
to utilize chlorine dioxide now used for disinfection of the water. 
The treatment as developed at Niagara Falls therefore combines 
pre-treatment with chlorine for disinfection and post-treatment 
with chlorine dioxide to destroy taste and odor. 

In the pre-treatment, sufficient chlorine is fed to maintain a 
residual available chlorine of 0.4 to 0.5 
ppm. in the settling basin and 0.2 ppm. 
under the filters. This residual was regu- 














lated at first by the addition of carbon. 
Subsequently it was found that the use 
of carbon was unnecessary, and the resi- 
dual is now being maintained simply by 
regulating the chlorine feed. A dosage of 
1.5 ppm. chlorine is ordinarily sufficient 
for the purpose, but is increased when the 
chlorine demand of the water increases. 

Along with addition of chlorine, alum is 
added for clarification. Usually, 17 ppm. 
of alum is sufficient, and the water is held 
in the settling basin for three hours, after 
which it is filtered. Following this treat- 
ment, chlorine dioxide is introduced at the 
clear well in the manner described in the 
following paragraphs. 

The sodium chlorite solution, containing 
31 grams per liter of available chlorine, is 
fed by means of a metering pump into the 
discharge line of a Wallace & Tiernan 
chlorinator (shown in accompanying pho- 
tographs), at the rate of 1.65 gallons of 
solution, or 0.42 pound available chlorine, 
per hour. The chlorinator is set to deliver 
2 Ib. of chlorine per mil. gal., equivalent to 
0.25 Ib. of chlorine per hour, at a pumping 
rate of 3 mgd. (The accompanying flow 
diagram shows the pretreatment, coagula- 
tion, filtration, and chlorine dioxide treat- 
ment. ) 

To assure complete conversion of chlo- 
rite to chlorine dioxide, an excess of chlo- 
rine is used. The reaction mixture is 
passed through a mixing chamber before 





Apparatus for Chlorine Dioxide Treatment of Water at Niagara Falls, N. Y. 
(At the left is the chlorite solution tank; center are the chlorite pumps, mixer and 
chlorinator for generation of chlorine dioxide applied as a post-treatment; at the 
extreme right is the chlorinator used for pre-chlorination.) 
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entering the wall. The chlorine dioxide 
dosage is maintained at a value of 0.5 to 
0.75 ppm. available chlorine. 

During the test runs, the concentration 
of phenol in the river was very high. 
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Breakpoint tests in the laboratory indi- 
cated that, with the old method, doses of 
15 ppm. of chlorine would have been re- 
quired in some cases; and, on at least one 
occasion during the test period, the plant 
would not have been able to feed enough 
chlorine to handle the load, and would have 
heen forced to shut down. 

The taste and odor producing substances 
at the time of the initial tests were chiefly 
phenolic, inasmuch as this is the charac- 
teristic difficulty of the Niagara Falls 
water supply during the winter months. In 
the warm weather, however, the taste and 
odor difficulties are mainly the result of 
algae growths.. Chlorine dioxide treatment 
eliminates both difficulties efficiently and 
completely. 

The entire water supply system of the 
city of Niagara Falls is now protected by 
chiorine dioxide treatment, to give year- 
‘round operations without taste and odor 
difficulties. 

Chemical Saving 

It has been found, also, that a consider- 
able saving in chemical costs is obtained 
by the use of the new method. On the 
basis of operation during one week the 
comparative costs were: 

Old Method: 
1080 Ibs. chlorine 
1800 Ibs. carbon 












































Ee ee $157.50 
Cost per million gallons.. ........ 8.73 
New Method: 

163 Ibs. chlorine 

46.2 lbs. chlorite 
OD in cnt vataniansbeswsead $ 43.10 
Cost per million gallons........... 
The saving per million gallons over the old method of treat- 
ment, therefore, was $6.34, or 72.5 per cent. 

In addition to the saving in the cost of materials, plant opera- 

tions have been simplified by the elimination of careful break- 
point measurements. 


Summary 

1. A new method of taste and odor control in water treat- 
ment has been described. 

2. The method involves pretreatment of water with chlorine 
to disinfect it, followed by treatment with chlorine dioxide to 
destroy tastes and odors due to algae or phenolic wastes. 

The new treatment permits continuous operation, reduces the 
amount of chlorine required, eliminates the use of carbon, and 
simplifies operation by making breakpoint measurements unneces- 
sary. 





Close-Up View of Auxiliary Equipment Required to Generate Chlorine Dioxide 
(Chlorite solution pumped from solution tanks at the left and chlorine solution fed 
from chlorinator to the right, react in the glass mixer to form a solution containing 
chlorine dioxide.) 


4. Chlorine dioxide has also demonstrated bactericidal action, 
the dose required for disinfection varying with the amount of 
pollution. 
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TO STOP PIPE SWEATING* 


The following formula, directions for application, and specifica- 
tions for materials required in the application of an insulating 
protective coating for stopping troublesome sweat formation on 
pipes, pumps, small tanks, etc., has proved highly satisfactory ac- 
cording to Chas. P. Hoover, Consulting Chemical Engineer and 
Ist Ass’t. Superintendent of Water Works at Columbus, Ohio. 


Application Procedure 


All surfaces must be absolutely clean and dry before any appli- 
cations are made. The outside surface is first painted with a 
thick coat of adhesive (specified herein), after which a thick coat 
of ground cork is either blown or pressed on by hand. This ground 
cork must be built up to a uniform thickness on all exposed sur- 
laces. After this application is thoroughly dry, a second thick 
coat of adhesive is applied, after which the second thick layer of 
ground cork is either blown or pressed on by hand. The second 
layer of ground cork must also be built up to a uniform thickness. 
After the second application is thoroughly dry, it is covered with 
two coats of an approved paint. 


*By Chas. P. Hoover, Principal Ass’t Superintendent, Division 
of Water, Columbus, Ohio. 





The Adhesive : ; 
The adhesive is made up of the following materials : 
Ingredients Proportions 


a danke pecawecacansvusves 7% Ibs. 
WE ricscnsccueseus kucens 414 lbs 
ee 2 rer ee mere 14 |b 
DUE PIE oes cac ce xsaveeduneaeaa 4 |b 


Cork Specifications 

In purchasing the cork to be used the following specifications 
will be found helpful : 

The cork shall be equal in quality to 8/14 granulated cork as 
manufactured by the Armstrong Cork Co., Lancaster, Pa. It 
shall be ground so that not less than 95% by weight of the 
particles will pass through a No. 8 U. S. standard sieve and not 
more than 5% by weight will pass through a No. 14 U. S. stand- 
ard sieve.. The cork shall not weigh more than 8 Ibs. per cubic 
foot. The cork shall contain not more than 1.5% of dirt, dust, 
or other foreign matter. t 5 

It is to be noted that all of the above, with slight changes in 
a word here and there, will produce a complete specification for 
materials as well as the method of application should the insulat- 
ing job be let to contract. 
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WILSON CHEMICAL FEEDERS, INC. 


Manufacturers of Pulsafeeders for 


Chemical Solution Water Treatment 


BUFFALO, NEW YORK, JU. S. A. 




















THE WILSON “PULSAFEEDER" 


is a positive displacement, pump type chemical solution feeder; de. 
signed primarily for the feed and accurate control of both corrosive 
and “hard-to-handle” chemicals. 


Basically PULSAFEEDER is in the family of accurate piston 
pumps. However, it is also equipped with a diaphragm to actually 
separate the chemical solution being pumped, from all operating or 
moving parts. No packing glands are used, and the diaphragm has 
no mechanical connections. 


Low pressure models of PULSAFEEDER handle solutions against 
pressures up to 200-lbs. per sq. in. 
up to 1500-lbs. per sq. in. 
solution per hour. 


High pressure models are good 
Sizes are available up to 400-gals. of 


CHEMICAL SOLUTION WATER TREATMENT 


HYPO-CHLORINATION 


The PULSAFEEDER was originally designed for use with 
either calcium or sodium hypochlorite. A complete treatment 
system is available for either manual, semi-automatic or fully 
automatic operation. Feeds all concentrations; supplies up to 
500,000 gals. of water per day. 


COAGULATION 


Accurate control of coagulation chemicals for water or sewage 
filtration, employing use of aluminum salts, iron salts and the 
like. Units available in capacities up to 400-gals. per hour. 


pH CONTROL 


PULSAFEEDER’s principal of chemical solution isolation 
allows for feed of all concentrations of acids and alkalis. 
Guarantee of not more than % of 1% feed variation assures 
accurate pH control. 


Manual and Fully Automatic PULSAFEEDERS 


The various PULSAFEEDERS use either electric motor, gasoline engine, 
water or air motor drives, and are controlled by water meters of all types if 
flow-proportional feed is desired. The types below represent a complete line of 


chemical water treatment apparatus. 


MANUAL 
Type DES— 
Slectric motor driven simplex model, for 
feed of a single chemical solution. 


App 
Type DED— oad multifeeders. 
lectric motor driven duplex model, for 
feed of two solutions. sed widely for Type MC-DS— 
chloramines. 


Type DET— 

lectric motor driven triplex. Generally 
used for hypochlorite, soda ash and alum. 
For feed of three solutions. 


Type DEQ— 

lectric motor driven quadruplex. For 
feed of four solutions simultaneously, 
each feed independently adjustable while 
in operation. 


Type DEG— 

mergency portable model for water ster- 
ilization. Feeds against 200-lbs. per sq. 
in. Capacity 300-lbs. chlorine per 24 hours. 


Type MC-DES— 


Electric motor drive, 


and multifeeders. 


Type MC-WD— 


aboard ship. 
Type SP— 


ter differential and up. 
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AUTOMATIC 


meter controlled. 
licable to all liquid meters. Single 


Water or air motor drive, @ 
trolled. Applicable to all meters. Single 


Water or air motor powered, meter con- 
trolled, marine type. For installations 


Flow-proportional, pressure < 
feeder for operation with orifices, flow 
nozzles or venturi. Operates on 1” wa- 


CALGON FEEDING 
Scale prevention, iron control, corrosion control all handled 
expertly by PULSAFEEDER. Hundreds of units are in use 
in water supplies of all types and sizes. 


ODOR, TASTE AND COLOR CONTROL 
Problems involving odor, taste and color control are all within 
the scope of WILSON PULSAFEEDERS. Write us for 


recommendations. 


OTHER USES 
PULSAFEEDERS are also adapted to many processing prob- 
lems, food equipment sterilization, boiler chemical feed, auto- 
matic blending operations, and other accurate proportioning 
problems. 
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IMPROVED RESIDUAL CHLORINE TEST* 


The Ortho-tolidine: Arsenite (OTA) Method for Testing Water for True, False 
and Chloramine Residuals 
By F. W. GILCREAS 


Division of Laboratories and Research, New York State 
Department of Health, Albany, N. Y. 


HE reaction of free available chlorine with ortho-tolidine is 
T rectally an instantaneous one, requiring less than fifteen 
seconds for development of the color; thus the appearance of 
an immediate or flash color may be used as a measure of free 
chlorine present. ae ; 

This flash color may be quantitatively estimated if a weak 
reducing agent such as sodium arsenite is added to the sample 
approximately fifteen seconds after the addition of the ortho- 
tolidine. (Step A) The sodium arsenite neutralizes all com- 
bined chlorine before it can react with the ortho-tolidine re- 
agent. The flash color is not affected by the sodium arsenite 
reagent, but remains unchanged and may be read by comparison 
with permanent standards at any time within five minutes.’ 

When sodium arsenite is added first to the sample, (step B) 
all chlorine, both free and combined, is neutralized. Ortho- 
tolidine reagent added subsequently reacts with manganese and 
other interfering substances present, which are not affected by 
the sodium arsenite reagent, but which produce a color with 
ortho-tolidine similar to that indicating chlorine. This color 
may likewise be measured by comparison with chlorine standards. 

Using readings obtained from these two frocedures (steps A 
and B) and that of the standard ortho-tolidine test, it is possible 
to measure free available chlorine, combined chlorine, and ortho- 
tolidine color caused by interfering substances. The portion of 
sample to which ortho-tolidine reagent is added first, followed 
by the arsenite reagent, (step A) yields a color representing 
both free available chlorine and any interfering substances pres- 
ent. In the portion to which arsenite is added first, followed 
by ortho-tolidine reagent, (step B) the color produced represents 
interfering substances only. Thus, free available chlorine may 
be determined by subtracting the second value from the first. 
The false residual chlorine value is the second reading, (obtained 
in step B). If the reading of the first step is subtracted from 
that of the standard ortho-tolidine test for total chlorine, the 
residual chlorine “value corresponding to combined chlorine or 
chloramine is obtained. 

The determination of the free available chlorine, the combined 
chlorine, and the interfering substances may be facilitated by 
use of a technic employing the double-bottle method. Under rou- 
tine operating conditions, however, it may be possible to dis- 
pense with this procedure and use only those determinations that 
are of most help in the control of chlorination in each particular 
plant. In any case the OTA test does not outmode present 
standard equipment for determining residual chlorine. 


Reagants’ 2 


Ortho-tolidine reagent—method 1. Dissolve 1.35 grams ortho- 
tolidine dihydrochloride in 500 ml. distilled water. Add this 
solution, with constant stirring, to 500 ml. dilute hydrochloric 
acid made by mixing 350 ml. distilled water and 150 ml. con- 
centrated hydrochloric acid (sp. gr. 1.18-1.19). 

Ortho-tolidine reagent—method 2. Grind 1 gram ortho-tolidine 
in a mortar with 5 ml. dilute hydrochloric acid made by adding 
150 ml. concentrated hydrochloric acid (sp. gr. 1.18-1.19) to 
350 ml. distilled water. Add 150-200 ml. of distilled water. The 
ortho-tolidine goes into solution immediately. Transfer the solu- 
tion to a 1-liter graduate and add the balance (495 ml.) of the 
dilute acid and make up to 1 liter with distilled water. 

Storage of ortho-tolidine reagent. Dispense this reagent in 
two-ounce French square brown glass bottles. Store in dark 
when not in use, and avoid exposure to low temperatures. The 
solution should be clear and colorless; discard it if it becomes 
either colored or turbid. Certain types of rubber stoppers are 
attacked by the strong “acid and yield reducing substances that 
cause the reagent to deteriorate. 

At temperatures below 0° C. the ortho-tolidine will precipitate 

from solution and will not redissolve readily. Any reagent con- 
taining a precipitate should not be used. 
_ Sodium arsenite reagent. Dissolve 0.5 grams of sodium arsenite 
in distilled water and make up to 100 ml. Store in any sized 
bottle but use in a properly labeled 2-oz. French square reagent 
bottle with a screw cap medicine dropper. 





*This article is cited from material prepared by the author for 
use, in New York State, in connection with the OTA Test. 





Permanent Chlorine Standards* 


0.5 M phosphate buffer solution. Allow a sufficient quantity of 
disodium hydrogen ortho-phosphate dodecahydrate (NasHPO,- 
12H:O) to dry over a saturated solution of potassium carbonate 
(K:COs2H:O) until the weight remains constant for one week, 
and weigh as NasHPO,2H2O. If disodium hydrogen ortho- 
phosphate anhydrate (NasHPO,) is used, dry at 110° C. and 
cool in a desiccator. 

Dissolve 28.66 grams disodium hydrogen ortho-phosphate di- 
hydrate (NasHPO.2H20) (or 22.86 grams NasHPO,) and 46.14 
grams _ potassium dihydrogen ortho-phosphate anhydrate 
(KH:PQ,) in 1 liter of distilled water. Let stand for at least 
several days before using, to allow time for formation of any 
precipitate, which must be filtered out prior to use. 

0.1 M phosphate buffer solution (pH 6.45). Filter solution as 
prepared above and dilute 200 ml. to 1 liter with distilled water. 

Strong chromate-dichromate solution. Dissolve 1.55 grams 
potassium dichromate (K2Cr20O;) and 4.65 grams potassium 
chromate (KsCrO,) in 0.1 M phosphate buffer and dilute to 1 
liter with the 0.1 M phosphate buffer. This solution represents 
10.0 ppm. chlorine when viewed through a 240-300 mm. depth. 

Dilute chromate-dichromate solution. Dissolve 0.155 grams 
potassium dichromate (KzCr,0;) and 0.465 grams potassium 
chromate (KzCrO,) in 0.1 M phosphate buffer and dilute to 1 
liter with the O.1 M phosphate buffer. This solution may also 
be prepared by diluting 100 ml. strong chromate-dichromate 
solution to 1 liter with 0.1 M phosphate buffer. The solution 
represents 1 ppm. chlorine. 

Preparation of standards. Measure the volumes of dilute 
chromate-dichromate solution given in Table I into clean two- 
ounce French square bottles of clear glass and dilute to exactly 
50 ml. with the 0.1 M phosphate buffer solution. 


TABLE I 
Chlorine Standards—Modified Scott Formula 0.05-1.0 ppm. 
Dilute Dilute 
chromate- chromate- 
Chlorine dichromate Chlorine dichromate 
Standards solution Standards solution 
ppm. ml. ppm. ml. 
0.05 2.5 0.40 20.0 
0.10 5.0 0.50 25.0 
0.15 7.5 0.60 30.0 
0.20 10.0 0.70 35.0 
0.25 12.5 0.80 40.0 
15.0 1.00 50.0 


0.30 J 
The standards should be protected from contamination by dust 
by keeping the bottle closures tightly screwed down or by seal- 
ing the closure with collodion or paraffin. The standards .must 
be stored in the dark and renewed if any trace of turbidity 
appears in them. 


Apparatus 


1. Two-ounce French square bottles. 
2. Medicine dropper caps to fit French square reagent bottles. 
3. Commercial test kits may be used. 


Procedure for Ortho-tolidine-Arsenite (OTA) Test 


1. Select three two-ounce French square bottles; mark one A, 
one B, and one OT. 

2. Add 50 ml. of a sample of chlorinated water to each of the 
three bottles. 

3. Unscrew, and fill droppers of both reagent bottles, one with 
ortho-tolidine, the other with arsenite. 

4. Hold samples for the required period of contact, usually 
ten minutes, unless a period longer than that has elapsed 
between the application of the chlorine and collection of 
the sample. 


All operations noted in paragraph 5 should be carried out as 
rapidly as possible. For each bottle, the addition of reagents 
and mixing should be completed within ten to fifteen seconds. 
5. Add a dropperful of ortho-tolidine to bottle marked OT. 
Mix by one quick shake. ‘ 
Add a dropperful of ortho-tolidine to bottle marked A; mix. 
Add a dropperful of arsenite; mix. 
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Add a dropperful of arsenite to bottle marked B; mix. Add 
a dropperful of ortho-tolidine; mix. 

6. If the sample is cold, warm portion OT to 68° F. in a 
bath of warm water or by holding in the hand. Portions A 
and B do not require warming since the rate of color devel- 
opment is independent of the temperature. 

7. Free available residual chlorine. Three minutes after addi- 
tion of the ortho-tolidine, read portions A and B in com- 
parison with color standards. Subtract the reading for B 
from that for A; the difference is the free available chlorine 
present. 

8. False residual. Read portion B alone in comparison with 
color standards four minutes after addition of ortho-tolidine. 
If sample is colored or turbid use an untreated sample blank 
as in the standard ortho-tolidine test. This reading is due to 
interfering agents only. 

9. Standard OT test. Read OT portion at four and one-half 
minutes in the usual manner. 

10. Combined chlorine. Five minutes after addition of ortho- 
tolidine, read portions OT and A in comparison with color 
standards. Subtract the reading for A from that for OT; 
the difference is the combined chlorine (chloramine). If this 
reading exceeds 0.05 ppm., read again at fifteen minutes to 
allow for the slower development of color due to combined 
chlorine. Read portion OT again just prior to the fifteen- 
minute combined chlorine reading. 

ll. The following table gives the times and relations between 
the various readings. 





Read at* 
3 minutes = free chlorine 


A minus B 
4 minutes = false residual 


OT 4% & 14% minutes = total chlorine & false 
residual 
OT minus A 5 & 15 minutes = combined chlorine 











Procedure for Ortho-tolidine-Arsenite Test Using Commercial Test Kits 


Four cells are necessary to perform the complete test. If only 
two are available, the test may be divided into two parts, the 
\ and B portions and then the OT and A portions repeated. A 
large sample of water should be collected and both parts of the 
test carried out on the same sample. The procedure and the 
amounts of reagents are the same as for the test using 50-ml. 
portions in French square bottles. Because of the higher acid 
concentration present when the reagent is added to 15-ml. por- 
tions, it is not necessary to wait fifteen minutes for full color 
development due to combined chlorine; five minutes is sufficient. 


*The combined chlorine reading must be made exactly at five 
minutes and at fifteen minutes because of the changing color. 
For the same reason it is essential to read B just after A minus 
BR and to read OT just before OT minus A. The timing for the 
other readings is suggested for convenience. 


Limitations 


Certain limitations in the technic are mentioned : 
in his original publication of the ortho-tolidine aren ame 
In the test for chloramine, owing possibly to the incomplete + 
action between arsenite and chloramine, the results may be 35 
per cent low, an appreciable but not significant error. Products 
of the reaction of chlorine with organic matter, Particular} 
amines, may also be included in the chloramine reading; rm 
differentiation of chloramine from other forms of combined 
chlorine cannot be made. 

The use of two reagents and the speed required in their addi- 
tion have not been found to complicate the technic. In general 
practice, the technic has proven effective in the detection of 
interfering substances in an amount not greater than the equiva. 
lent of 1 ppm. of chlorine. As with all colorimetric methods the 
precision of the test is governed by the limitations of color 
comparison, particularly in ranges of high color intensity, The 
test is effective in differentiating free available chlorine from 
that combined with ammonia or other forms of nitrogenoys 
organic matter. 


Results of Application of the OTA Test 


The test has been used routinely for a period of one month 
by the operators of 23 water supplies in New York State® Of 
659 days represented by the readings of these 23 supplies, a false 
residual was found on 102 days; and on 84 days the chloramine 
residual was 0.3 ppm. or less, with no active chlorine present, 
Three of the cooperating water supply operators reported definite 
false residual values repeatedly; and from these supplies samples 
of the water examined subsequently were found to contain 
significant amounts“of manganese. 

The results of this study indicated that the OTA test provides 
a quantitative estimation of the type of residual maintained in 
any given water, whether free available chlorine or the less 
bactericidal combined chlorine, and that it also provides a 
precise reading for the determination of substances which inter- 
fere with the ordinary ortho-tolidine technic. Thus, it has a 
definite application in the control of chlorination of water, 
particularly for those supplies in which such interfering sub- 
stances may be continuously or intermittently present. 
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CONCRETE 


Quantities of Materials for One Cu. Yd. Rammed Concrete Based 
on Barrel of 3.8 Cu. Ft. 


Tsing 1-in 


Using 24%-in 


Using 2%-in. Stone, Stone and Under 























Using %“%-in. Gravel Stone and Under, 
and (Under, Sand Screened Out Dust Screened Out Most Small Stone Screened Out Dust Sereened Out 
Sand Gravel Sand Stone Sand Stone Sand Stone 
Pro- Cement Cu Cu. Cement Cu Cn. Pro- Cement Cu Cu Cement Cu. cu. 
portions Barrels Yds Yds Barrels Yds Yds. portions Rarrels Yas. Yds. Barrels Yds. Yas. 
1:1%:3 1.71 0.39 0.78 1.85 0.42 0.84 1:1%:3 1.96 0.45 9.89 1.90 0.43 0.87 
1:2 4 1.34 f.41 f.81 1.46 0.44 0.89 1:2 :4 1.53 0.47 0.93 1.48 0.45 0.90 
1:2 5 1.17 0.36 0.89 1.27 0.39 0.97 1:3 :5 1.33 0.39 1.93 1.29 0.39 0.98 
1:216:5 1.10 0.42 0,83 1.19 0.46 0.91 1:216:5 1.26 0.48 0.95 1,21 0.46 0.91 
1:3 5 1.02 0.47 0.78 1.11 0.51 0.85 1:3 35 1.17 0.54 0.29 1.14 0.52 0.87 
1 6 0.92 0.42 0.84 1.01 0.46 0.92 1:3 636 1.06 0.48 0.97 1.92 0.47 0.93 
1:2: 0.88 0.46 0.80 0.95 0.50 0.87 1:3%4:6 1.00 0.53 0.92 0.97 0.51 0.89 
1°3 7 H.R4 0.38 0.89 0.91 0.42 0.97 i Tis | 0.94 0.42 1.05 0.92 0.42 0.98 
1:3%:7 0.85 n.43 0.85 0.87 0.47 0.93 1:3%:7 0.91 0.49 0.98 0.29 0.47 0.95 
1:4 7 0.77 0.47 0.81 0.83 0.51 0.89 kt RBs | 0.87 0.53 0.93 0.84 0.51 9.90 
1:4 8 9.7 0.43 0.86 0.77 0.47 0.93 1:4 :8 0.81 0.49 0.98 0.78 0.48 0.95 
Figure about 14 cu. yds. of pit run gravel to make one cubic 
yard of rammed concrete. 
Variations in fineness of the sand and the compacting quality 
of the concrete may affect the above quantities 5 to 10% in either 
direction. 
Weights of Cement, Crushed Stone, Gravel and Sand 
Weight per Weight per 
Material Cu. Yd. Material Cu. Yd. 
OO SO aa 2,500 Screenings ....cccceres 2,500 
Torpedo sand ....... 3,000 DEE knetetsxaweunade 3,000 
G) Crushed stone ....... 2,500 Roofing Gravel ...... 3,000 


Portland cement weighs “ lbs. per bag, or 376 Ibs. per bbl. One 


bag is equivalent to 1 cu. ft. 
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CHEMICAL EQUIPMENT CO. 














- Manufacturers of 
re- p 
a5 CHEMCO CHLORINATORS & WATER CONDITIONING EQUIP. 
cts ' 
rly 
- CHEMCO CHLORINATORS 
i | are available in any size and capacity, for any chlorination 
ral job. Embodying totally new but prevon, simple design 
. principles. The unusually rugged construction, without the 
the use of intricate mechanisms, make CHEMCO CHLORI- 
~ | NATORS an outstanding value. Nearly 1000 CHEMCO 
om CHLORINATORS are now giving dependable trouble- 
0 . . 
= | free service throughout the world. A card or letter will 
bring you complete information on CHEMCO CHLORI- 
nth NATORS. The quicker you send it, the sooner your 
Of chlorinator troubles will be over. 
ilse 
‘ine Left — Type MI Right—A CHEM- 
ent. jo eet oO CO M-5 Vacuum 
nite CHLORINATOR, type, Solution fed 
les equipped for stop- Chlorinator. 
ain start duty. 
des 
in CHEMCO ZEOLITE 
2 WATER SOFTENERS 
A. : using either natural green sand, white synthetic 
wt | zeolites, or resinous type minerals—are available 
' in all capacities from the smallest private home 
| to the large installations for industrial, municipal 
and institutional applications. Many CHEMCO 
-— ( units have been installed in Government can- 
302 i tonments and hospitals, industrial plants and 
'- municipal waterworks. 
rks ° : . ~ — 
' The illustration on the left shows a CHEMCO 
2-unit, softener and filter installation at new City 
= . of Glendale Municipal Power Plant. 
CHEMCO pressure filter installations, are es- 
pecially engineered for water supply and swim- 
ming pool service, therefore offer many simpli- 
: fications over conventional types of commercial 
-— filters. They are engineered, fabricated, and 
1. ; installed for each filtering problem and filtering 
wil capacity desired. The many construction and 
°7 operating advantages assure utmost efficiency 
o~ and long life. Wood tank gravity and filters are 
1 also available. 
12 Of special importance is the fact that CHEM- 
- CO filter plants are designed for the necessary 
15 high “back-wash” rates as well as the lower 
+ filtering "rates. This is essential for prevention 
ie of plugging up the filter bed and resultant neces- 
sities of a new sand refilf every few years. The 


illustration on the right shows one of four 
CHEMCO 4-unit 96” I.D. Installations for 


CHEMICAL EQUIPMENT COMPANY 





MAIN OFFICE & FACTORY cieenenianeen MIDWEST FACTORY BRANCH 
1700 North Main St. IN 205 West Wacker Drive 
Los Angeles 54, Calif. ve Chicago, Ill. 
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516 NORTH CHARLES 


ACTIVATED ALUM-—BLACK ALUM 
The Best Coagulants for Your Needs 


STUART-BRUMLEY CORP. 


BALTIMORE 1, MARYLAND 





BLACKALUM is a powerful deodorizing and de- 
colorizing coagulant. It contains powdered acti- 
vated carbon. Alumina content over 17%. It pro- 
vides maximum economy with greatest efficiency. 


Activated Blackalum prevents fermentation of 
sludge in basins. Fast floccing over a wide pH 
range. It is particularly effective for summer 
coagulation. It removes tastes from water supplies. 


By the use of Blackalum, troubles resulting 
from red water are successfully eliminated. 

Due to its powerful deodorizing and decoloriz- 
ing properties waterworks engineers claim that 








10 TECHNICAL 
ADVANTAGES 


. A more definitely defined floc. 
. Faster settling floc. 

. Stabilization of sludge. 

. Stabilization of filter sand. 

. Longer filter runs. 


. Reduced 20°, bacterial count in 


filtered water. 


. Less free residual alum in finished 


water, 


. Chlorine demand reduction. 
. Dechlorination. 


. Taste and odor improvement. 


Blackalum is exceptionally economical. 














Palmer Filter Bed Agitators installed between concrete wash water troughs. 


THE STUART-BRUMLEY LINE 


CHEMICAL DIVISION 


ACTIVATED ALUM 


America’s most popular water works coagulant. Write for 


Bulletin No. 28. 


ACTIVATED BLACKALUM 


(Compound activated carbon coagulant.) For coagulation 
with taste and odor controls. Write for Bulletin No. 29. 


ACTIVATED CARBON 


For taste and odor control. Write for Bulletin No. 30. 


W. W. & S. — REFERENCE & DATA — 1945 


MACHINERY DIVISION 
% PALMER SURFACE WASH SYSTEMS . 


Increases plant capacities; eliminates mud balls; saves 
wash water. Designed, furnished and installed. Write 
for Bulletin No. 38. 
% STUART WALKING-BEAM FLOCCULATORS 
No bearing surfaces under water. Write for Bulletin No. 39. 
% ADJUSTABLE VENTURI THROAT DISTRIBUTING 
WALLS 


Regulates velocities thru settling basin; prevents short- 
circuiting. Write for Bulletin No. 40. 


LEADING SUPPLIERS TO THE WATER WORKS INDUSTRY 
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STUART-BRUMLEY CORP. 


516 NORTH CHARLES ST. BALTIMORE 1, MARYLAND 





\\ ; PRODUCTS 


Palmer Filter Bed Agitators — Corrosion Resisting Paints — Filter Sand — Filter Alums 


Powdered Activated Carbon — Bleaching Clay 






UO 


SAND OR ANTHRAFILT 












SECTION THROUGH FILTER 


The Palmer Filter Bed Agitator 
(method of washing filter 
beds) is patented, 2309916 
and 2309917 ... your as- 
surance of effective surface 
washing. 


PALMER FILTER BED AGITATORS 


The Palmer Filter Bed Agitator is a simple and inex- Hundreds of municipalities, and a great many industrial 
companies have Palmer Filter Bed Agitators. The device 
operates by water at city pressure. High velocity, low 
volume jet action completely scours the expanded filter 


pensive device that is being incorporated in new and 
existing plants to increase the filtration capacity and elim- 


inate mud balls. medium. 








4 
THE TECHNICAL ADVANTAGES 
Longer filter runs Produces “new” sand after three week’s 
Requires an average of 40% less wash operation 
water Turns out purer, better tasting water 
Completely eliminates mud balls Low installation cost 
a Eliminates cracking or shrinking of the No operating cost 
rite 
beds More water through the filters 











39. 
NG ASK THESE USERS: Norfolk, Va.; Washington, D. C.; Oklahoma City, Okla.; Youngstown, Ohio; Char- 
lotte, N. C.; Laurel, Md.; Buffalo, N. Y. 
oe Over two thousand units in service throughout the world. 
Y Write for free technical bulletin describing Palmer Filter Bed Agitators. 
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OMEGA MACHINE COMPANY 


A Division of Builders Iron Foundry 
91 Codding St., Providence 1, R. I. 


REPRESENTATIVES 


ATLANTA 3, GA.—W. D. Taulman & Associates, 
161 Spring St., N. W. 


CRASS 3, ILL.—G. H. Jewell, Peoples Gas 
g- 


Gibbons St. 


Vesey St. 


PHILADELPHIA 22, 


CHARLOTTE 2, N. C.—J. R. Purser Sales Engineer, 1649 N. Broad St. 


Inc., Independence Bldg. 

DETROIT |, MICH.—Wm. A. Dalee, Inc., 4835 
Woodward Ave. 

HAWAI!I—Alan Duvall, Box 33, Honululu 


Oliver Bldg. 
454 King St., West 








A COMPLETE LINE 
Rotodip Meter Feeders 


Rotolock Feeders 
Dust Removers and Filters 
Chemical Elevators 


Slow & Rapid Mechanical 
Mixing Equipment 


Universal Feeders 

Lime Slakers 

Precision Solution Feeders 
Laboratory Stirrers 

Disc Feeders 

Gravimetric Feeders 


LOS ANGELES 3!, CAL.—Chas. P. Crowley, 7/1 


PA.—Omega Machine Co., 
PITTSBURGH 22, PA.—Omega Machine Co., 1403 
TORONTO, ONTARIO—Control & Metering, Ltd., 











GRAVIMETRIC FEEDER 
"Loss-In-Weight" Type 


The most accurate type chemical feeder 
made. Indicates on the scale beam the 
| weight of material in the hopper at all 
times. Feeds lump, granular or powdered 
materials at 100 different rates by incre- 
ments of 1% of the maximum rate of 
feed, and records every pound of mate- 
rial fed. No calibration is required. The 
rate of feed is automatically controlled 
by the loss in weight in the hopper of 
The No. | Feeder shown at left feeds up to 2,000 Ibs. 
Bulletin on request. 


ee 





material. 
per hour. 


PRECISION FEEDER 


Not an orifice feeder but a true Volu- 
metric feeder, accurate within 1% for 
feeding solutions of Calgon, hypo- 
chlorite, copper sulphate, ammonium 
sulphate, etc., by gravity. Feeding 
range 100 to |, from 1/25 to 200 gals. 
per hour, with standard tank sizes 25 
to 200 gallons. Where electricity is not 
available, 8-day spring motors are 
used; meter-paced control is easily ac- 
complished by flow proportional feed- 
ing. Bulletin on request. 





UNIVERSAL FEEDER 


A rugged, dependable Volumetric feeder 
with oscillating throat at base of hopper. 
Easy micrometer screw adjustment gives a 
practical range of 40 to |. Three sizes 
provide a feeding rate of | to 6,000 Ibs. 
per hour. The feeder will successfully 
handle lime containing both lumps and 
fine powder; strings and trash will pass on 
through without clogging. Accuracy av- 
erages 3% although crushed lime may 
vary somewhat in weight per unit of 
volume. Send for Bulletin. 





W. W. & S. — Rererence & Data — 1945 


WASHINGTON 5, D. C.—Luth 
Chandler Bldg. er & Wood, 319 


NEW YORK CITY 7—Omega Machine Co., 20 


BRAZIL—Oscar Taves & Co., Box 840, Rio de 
Janeiro 


COLOMBIA—Macdonald & Petersson, Ltd. 592 
Banco de la Republica, Bogota : 


VENEZUELA—Sociedad Tecnica Y © 
Apartado Postal 1807, Caracas ae 


OMEGA LIME FEEDERS 
AND SLAKERS 


Omega Continuous Lime Slakers are the product of years of special. 
ization in the design and construction of equipment for Munitipal 
Water and Sewage Plants. The majority of Omega Lime Slaker 
installations employ either the Belt Type or Loss-In-Weight Type 
Gravimetric Feeders. Slakers are available with capacities from 
175 lbs. per hour to 10,000 Ibs. per hour. 


Outstanding features of the Omega Lime Slaker include: 
@ High speed mixing to promote rapid, thorough slaking. 


@ Efficient insulation and thermostatic heat control to maintain high 
slaking temperatures. 


@ Vapor removal devices to protect feeders from hot, moist vapors, 


@ Heat exchanger coils to preheat cold water for increased slaking 
efficiency. 





OMEGA BELT TYPE GRAVIMETRIC FEEDER 
AND 500 LB./HR. OMEGA SLAKER 


A feeder of extreme accuracy, weighing material continuously on a. 


short conveyor belt carried on accurate sensitive scales. Can be 
set by a single dial to feed within 2% of the desired rate, and any 
departure from weight per unit of volume is automatically com- 
pensated. Alarms prevent over or under feeding; totalizer and 
recorder keep complete records of material fed. Automatic de- 
vices for feeding in proportion to variable flow are available. 
Bulletin on request. 


OMEGA VOLUMETRIC 
FEEDER AND 
250 LB./HR. 
OMEGA SLAKER 


Illustration at right shows the Uni- 
versal feeder described at left, 
mounted over a 250 Ib./hr. Omega 
Lime Slaker. These “Old Reliables” 
are frequently used in combination 
with Omega Lime Slakers where 
quantities are small and gravimetric 
accuracy is not required. 
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LIME AND LIME SLAKING 


By H. E. LORDLEY 
Plant Manager, Department of Public Utilities 
Richmond, Va. 


IME is one of the oldest chemicals known to civilization, yet 
Lied the efficient utilization of this important chemical is 
impeded by lack of complete information concerning its physical 
and chemical properties. Since lime is used in such large quan- 
tities for softening and corrosion control in the water works field, 
it is amazing that so little information is to be found in water 
works literature on the subject of lime and lime slaking. 


There Is Lime and Lime 


Limestone, which is the source of the calcium oxide, will vary 
in physical and chemical properties in different parts of the coun- 
try. Some limestone is high in magnesium which is objectionable 
for use in water purification plants, yet suitable for other chem- 
ical processes. Other sources are high in iron and silica, so it is 
well to study an analysis of the raw stone before buying lime for 
the water plant. At the lime plant, in the first step of processing 
the rock for calcining, a superoir finished product results if 
mud, sand, and other impurities are removed before burning. In 
the actual calcining step, the manufacturer can control both the 
physical and chemical properties of the lime, either by the type 
of kiln or the method of firing. Therefore, we get much lime 
that is either under-burned or over-burned by lack of control 
of the process at the kiln. 


Take, for example, the old style vertical kiln using coal as a 
source of heat without modern control equipment, we find that 
the lime thus burned will slake very slowly. On the other hand, 
the modern controlled rotary kiln produces lime that will slake 
so rapidly that it actually explodes in the slaker. The author 
recalls an amusing incident at the Richmond Filter plant on 
changing from a vertical kiln to a rotary kiln lime. The operator 
frantically called to report that the lime slaker was out of order 
and making a terrible rumble in the slaking chamber. On in- 
vestigation, the new rotary kiln lime was producing miniature 
explositions that sounded like a loose agitator blade. Also com- 
mon to the old style vertical kiln is the large percentage of core 
as compared to practically core-free lime from the rotary kiln. 
So we see that all lime is not the same from every lime plant and 
the water works executive must choose the source of lime care- 
fully if highest efficiency is to result. 


As to Lime Properties 


After the lime leaves the kiln it must be graded as to size. 
Quicklime can be furnished in sizes varying from a fine pulver- 
ized product, which will pass a 200 mesh screen, to a pebble lime 
of two inch size. In determining the proper size to use in the 
plant, the operator must remember that the pulverized lime offers 
both a dust problem and a feeding problem due to arching in the 
hopper. Dust can be controlled by proper ventilating system, but 
archhing is just a universal worry. Arching can be partly cor- 
rected by design of light weight hoppers having a bottom slope 
of not less than 60° from the horizontal. “Syntron” vibrators on 
the side of the hopper will further reduce arching, but the best 
answer is the use of pebble lime of size from %4 inch to % inch, 
provided suitable feeding and slaking equipment is available. 
Dust is reduced, arching in hopper is eliminated, and air-slaking 
of lime in storage is not as rapid with pebble lime as with the 
pulverized lime. Another physical property of interest is the 
color of the lime; white, gray, black, blue, etc. All are high in 
calcium oxide, and color is not a criterion of a good lime. The 
chemical properties and specifications are easy to determine in the 
laboratory. The lime should contain not less tran 90 per cent 
CaO, have a low magnesia, silica, and iron content, and be free 
of arsenic. 


In many plants today, calcium hydroxide (hydrated lime) is 
preferred to calcium oxide, due largely to lack of information 
and equipment for slaking the oxide. The lime manufacturer 
IS anxious to dispose of calcium hydroxide, since all fines from 
calcium oxide are converted into calcium hydroxide at the lime 
plant. The water works executive must remember that he pays 


for slaking process plus freight on water in hauling hydrated 
lime in preference to burned lime. 


Economic Considerations 


TABLE I 
Typical Typical 
Calcium Calcium 
Oxide Hydroxide 
Lime Lime 
Insoluble Residue ............ 1.57 37 
DE: . .ctecadebanerensedaaneen 48 52 
Loss on Ignition ............. 1.34 2.19 
Magnesium oxide .........00- 1.26 50 
CE WEEE onsictccccacedds 95.33 92.00* 
COD BCIOIES, oc accccecsvese 96.59 70.00 
Cost Price Del./Ton ......... 11.00 $10.00 
Cost Price per ton CaO ...... 11.38 $14.28 





*Calcium Hydroxide—Ca (OH); or CaO + HO. 


In Table No. 1, a typical analysis and price of calcium hydrox- 
ide as compared to calcium oxide shows the economic status of 
the two types of lime. In buying a typical pebble calcium oxide in 
place of calcium hydroxide, a net saving of $2.90 per ton of CaO 
equivalents is realized, plus higher operating efficiency. In actual 
plant operation the saving will be greater, since the theoretical 
ratio of one part CaO to 1.32 parts Ca (OH): approaches a 
practical operating ratio of 1 part CaO to 1.5 parts Ca (OH):. 


Another way to save money in buying quicklime is in the size 
of the lime. A pulverized calcium oxide (passing 200 mesh) is 
more costly than a standard pebble or cracked lime. The manu- 
facturer must charge for the expensive process of pulverizing and 
will raise the price of calcium oxide from $11.00/ton to approxi- 
mately $13.00/ton for the pulverized product. Also for large 
plants, the lime shipped in 15 ton cars costs more than in 25 ton 
cars, due to the freight rates. 


With the money that can be saved by shifting from calcium 
hydroxide to pebble calcium oxide, an excellent feeder and slaker 
can be purchased and the lime treatment will become a cof- 
trolled process rather than the usual “hit or miss” process. The 
operator should investigate and experiment with different types 
of lime to find the one best suited to his own plant and local 
conditions. 


Lime Slaking Equipment and Its Operation 


The operation of the slaker is not easy. Like a man learning 
to ride a bicycle, the problem looks simple yet requires initial 
research and a few hard knocks before the art is mastered. 


First, and most essential, is an efficient dry-feeder. In the 
Richmond Filter Plant, an Omega lime feeder delivers the 
lime to the slaking vat at an astoundingly accurate rate. The 
feeder is a gravimetric batch type having a maximum capacity 
of 175 pound/hour and a minimum capacity of 1.75-pound/hour. 
The feeder has a 1,000 pound capacity, and properly designed 
hopper equipped with an agitator and mounted on a sensitive 
beam scale. The adjusting mechanism for changing the rate of 
feed is located in a compact unit with an alarm to indicate any 
trouble in feeding, such as an empty hopper or failure of ma- 
terial to leave the hopper. The lime feed is controlled by the 
vibrating plate at the bottom of the hopper. The pebble lime of 
size not exceeding %4 inch size falls off the vibrating plate 
directly into a compact Omega Slaker located on the same floor 
with the feeder in a floor space of only 54 inch by 84 inch for 
both feeder and slaker. The unit is equipped with a water 
operated vapor removal system to collect dust and steam from 
the slaker. The water from this unit is not wasted, but is used 
as make-up water for the slaker or in conveying the lime to the 
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point of application. The slaker has a minimum retention period 
of 30 minutes at the maximum rate of feed and is agitated with 
a motor driven impeller so adjusted to give proper circulation 
in the chamber. 


Temperature Control Important 


The optimum temperature for slaking will vary both with the 
type of lime and the retention period in the slaker. The most 
efficient slaker temperature range is between 150° F. and 180° 
F.; above 180° F. the steam and vapor will overload the vapor 
removal equipment and cause corrosion of the slaker and feeder. 
In the Richmond plant, the optimum temperature is 160° F. 
using a pebble lime having a 96 per cent CaO content. In order 
to maintain this temperature in the shaker, with our incoming 
water varying between 33° F. and 85° F., an electric water heater 
of three No. M-240, 4,000 watt Chronolox immersion heaters 
was purchased for the job. The heaters are equipped with three- 
way switches for seasonal control and thermostats on each unit. 
to supply makeup water at a uniform temperature regardless of 
the temperature of the incoming water. The heat of hydration 
of calcium oxide is 273 calories per gram. However, in slaking 
small quantities of lime some of this heat is lost and must be 
supplemented by heat from the make-up water. 


Proper Water Ratio 


In slaking lime, too little water gives a heavy slurry that is too 
thick to be agitated properly by the impeller, yet an excess of 
water increases the expense of heating make-up water and will 
dilute the lime so that maximum retention time in the slaker is 
materially reduced. Different brands of lime require variable 
quantities of water, but a slurry of the proper viscosity is usually 
obtained by a ratio range of 1 pound lime to 3 pounds water to a 
ratio of 1:4%. After a series of experiments at the Richmond 
plant, the ratio of 1:4 was adopted and gives excellent operating 
results. 


To control the ratio, a standard water meter is connected in the 
supply line to the heater. The meter was geared so that the lowest 
dial actually reads 3 times the amount of water passing through 
the meter. For example, one cubic foot of water passing through 
the meter indicated three cubic feet on the dial. This method was 
devised to afford the operator a chance to check the water flow at 
low rates much more readily than with the regular meter dial. 
After checking the flow, the operator refers to a chart (see Table 
2) showing the meter reading corresponding to each rate of lime 
feed for a ratio of 1:4, adjustment being made by the needle con- 
trol valve if necessary. Example: Feed 50 lbs./hr. of lime. Re- 


TABLE II 


Water Meter Reading vs. Dial 
Ratio one lime to four water. 


Setting for Optimum 


Meter 

Pounds/hr. Dial Reading 

Lime Setting (Cu. ft.*) 
A arid ahh bn a eres wera gerbiacabehaalenadiat: 1 a 
EERE ee Laer ene eae 5 1.6 
RE oS ae ae ee eee 10 3.4 
Re Sea ee ae ee 15 5.0 
RR Ae RAE SE IRE «- 20 6.7 
i ig Ba ai as a ten SU 25 8.4 
Rael ksde eta aie iain teow ae 30 10.0 
SS ee a ee eee 35 11.7 
SE eee errr e 40 13.5 
SE nah Guede BalatncteG wit Saclakioceas 45 15.1 
Cie a5 hie naw San eee ote, See a 50 16.7 
sds et aos digests oe akan onc eles 55 18.4 





*Special Meter Dial. Indicates three times actual flow. 
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quires for ratio 1:4, 50 X 4 or 200 Ibs./hr. of water equals 


— = 3.2 cu. ft. per hour of water. 

62.4 
On special dial, this reads 3.2 x 3 or 9.6. On the chart Opposite 
the rate of 50 Ibs./hr. is the value 9.6 which should be the reag. 
ing of the meter for one hour. The operator adjusts the valve 
to get this reading. 


The lime aftet slaking is diluted with water from the ya 
removal unit and flows over a weir into the outlet line. Som, 
lime has considerable core so that the machine is designed fo, 
core removal, without stopping the slaker operation. The cor 
is removed to a chamber to be washed to recover any calcium 
hydroxide on the surface and is then dumped into a trash cap 
under the slaker. Tests are being run on the amount of unslakeg 
lime in the sample collected at the effluent of the slaker but are 
not complete enough at present to report in this paper. 


Piping Lime Suspensions 


No other problem seems more perplexing than that of trans. 
porting the lime to the point of application 300 feet or 400 fee 
from the slaker. If duplicate lines are available, one line cap 
be cleaned with a chlorine solution while the other line is jy 
service. However, caution must be observed to prevent the 
chlorine from actually attacking the iron pipe. Recently sug. 
gested is the use of “Calgon” to keep the lines free of incrustants 
but so far little work has been reported on this method. Many 
plants use rubber hose and clean the line by beating or shaking 
the hose. The author has found that the open trough is the 
simplest method of delivering the lime, provided the necessary 
fall between the machine and point of application can 
obtained. 


pH Control Simplified 


So accurate is the control of pH with the new Omega slaker 
that in the Richmond plant we can hold a constant pH of 87 
in our finished water. It is important to note in Table No. 3 
that prior to the installation of the slaker, we had trouble in 
our distribution system with a decided drop in pH. Now with 
the present slaker we have only a slight drop and a correspond- 
ing decrease of iron in the dead-ends. We can only explain this 
by the fact that the controlled slaking is productive of a more 
highly peptized lime suspension—more nearly a_ colloidal 
suspension. 


TABLE III 


Station No. 34* 
Location—Broad Rock Road 
Before Slaker After Slaker 


Installation Installation 

1938 1940 
eee ee ee Bly es ee ae .00 00 
TE ie eG Die gata cimie culate ae 6.0 80 
SE dnc cies ba an a ek aod eu eee 40 10 
PED vii dascutacans oxnssaaecanes 23 36 
2. SD Vscvtecsd.dcudemvonaneces 0 4.5 
Ri aw hatred ee waiters ve cwweras nuees 0 0 
MD ace a a te alek Oxaie dca neeenkhaxtead 8.1 8.6 
FeO; SOK eceeeceesesstesesesecsessecesseee 4.0 40 





*This station is located near a dead-end. 


It is hoped that water works men will study lime treatment | 


and get more lime per dollar. Remember that often obsolete 
equipment can be scrapped and new equipment purchased with 
the saving, so why not have a modern plant at no extra cost? 
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IRON REMOVAL—SMALL SYSTEMS 


By H. E. LORDLEY, Plant Manager 


Department of Public Utilities, Richmond, Virginia 


N THE country today we have excellent large water purification 
I plants with competent engineers and operators, yet in number 
these plants represent only a very small percentage of our water 
supplies. Thousands of small supplies having only a deep-well- 
pump and storage tank challenge the water works engineer with 
problems that must be solved with limited expenditures and 
with unskilled operating personnel. Of the many problems, eco- 
nomical methods of iron removal are of major interest. 


Forms of Iron 


Iron may occur in water either as organic iron, inorganic iron 
or a combination of both types. Ferrous bicarbonate is one 
common inorganic form of iron occurring in many supplies. Iron 
in combination with humic acid or other complex organic com- 
pounds may be classified as organic iron, and is usually found 
in wells located in swampy areas. It requires only a few sim- 
ple tests, that anyone can run, even without. laboratory facilities, 
to determine the type iron. Collect a sample and allow it to 
stand exposed to the air. Inorganic iron will precipate, leaving 
the sample cloudy. On the other hand, organic iron fails to 
precipitate and the problem of removal is more complex thereby. 


Methods of Removal 


Methods of removal may be classified as (1) Direct Chemical 
Reaction, (2) Coagulation, (3) Special Filters. 

Under No. 1 we have aeration as the most economical method. 
Aeration requires only 0.14 parts of air per part of iron when 
carbon dioxide is not present. The iron is oxidized to insoluble 
ferric iron which precipitates and settles to the bottom of a 
tank or is removed by a standard sand filter. Frequently, this 
small amount of air can be introduced by some form of air pump 
or “sniffer” attached to the well pump. (2) In an open system 
a tray aerator followed by sand filtration removes the iron. 
Organic iron is combined chemically so that such a simple treat- 
ment will not break down the organic bond. 

The second method involving direct 
chemical reactions utilizes chlorine for 
the oxidation of the iron instead of 
aeration. In addition, the chlorine treat- 
ment removes any troublesome sul furetted 
hydrogen often found in conjunction with 
iron, and produces a sterile water having 
a definite residual chlorine. This is a 
cheap method since solutions of “Per- 
chloron” or “H.T.H.” are convenient 
sources of chlorine and can be applied to 
small supplies without difficulty. 

Causitc Soda removes iron from water 
by raising the pH to range 8.0-10.0. At 
the high pH the oxidized iron precepi- 
tates as ferric hydroxide and is removed 
by settling or filtration. This treatment 
also has the advantage of removing free 
carbon dioxide and protects the system 
from corrosion. 

Potassium permanganate has been used 
(3) to oxidize organic iron by first at- 
tacking the organic compound and allow- 
ing the iron to precipitate as hydrous 
ferric oxide or a combination of ferric 
iron and organic matter. 

In this discussion of direct chemical 
methods, none of these suggested meth- 

ods removed organic iron with any degree 
of success so that we use the old standby, 
coagulation with alum. Organic iron 
occurs in a colloidal state with humic 
acid, cellulose, and other end products of 
plant decomposition. Alum coagulation 
followed by filtration will remove this 
form of iron. 





Control Panel 
Time Switch, Magnetic Starter and 
Pressure Switch. 


Contact Beds 


Special filters, the third classification, are excellent in many 
casés and are very easy to operate. These filters are standard 
pressure filters, having a material of the same general character- 
istics of filter sand but impregnated with the higher oxides of 
manganese (MnO; Mn.O;). Water supplied to the filter must 
have an oxygen content equal to 15% of the soluble iron content 
for the oxidation process. The iron in the presence of oxygen 
and by the catalytic action of the manganese, is converted to 
insoluble iron and is removed by the filtering material. In back- 
washing, the precipitated iron is washed out and the filter is 
ready for use without regeneration. Occasionally the sand is 
treated with sodium permanganate to aid the catalytic action of 
the manganese. Even these filters fail to remove organic iron in 
some cases and should be installed only after analyses and 
surveys indicate that such contact materials will remove the iron. 

Ordinary sodium zeolite filters will remove iron by exchange 
as shown by the following reaction: 

Na:Z+ MnO :Mn,0;+4Fe(HCOs) s==Na:Z+3MnO.+ Fe.0;+ 
8CO.+4H.0 
There are some plants that use one set of two of these filters 
to soften the water and another similar set to remove iron and 
manganese. Many different materials have been used in filters, 
from pyrolusite to coal, and new materials are coming into use 
in this very promising approach to iron removal each year. 


A Case at Point 


With this introductory discussion as a basis, several plants 
designed by Mr. M. C. Smith and the author will illustrate the 
practical application of these methods. The City of Richmond 
operates a deep water freight terminal below the City which has 
a domestic water supply from a 280 foot drilled well. Shortly 
after opening the terminal the domestic water developed bad 
tastes and odors and also deposited an iron stain on all the fix- 





Double Duty Chloro Feeder 
With 40-gal. crock of caustic soda and 
hypochlorite solution. 
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tures. Samples direct from the well and from the distribution 
system had the following analysis: 


Table 1. 
From 
At Well Mains 
BEE Sbancpaccdcncssesnscedcebestoeceseesces 6.0 6.4 
dea a tLe doe a 41 31 
SPURL. Godda we betas hadeeedd benneoaa ues 40 65 
DT cig cobeensedudubaes enccavsed peeks oees 6 27 
hy Sc RberCaNel saa GetENenseeie a ee ati 1.5 3.0 
Pr ict es nieUceadueiaarnbecdbawcussdeuawes 10.0 8.0 
Ec widetvoucud atest des oa en Chbercecuaauees Present None 


When the samples were first collected the water was clear but 
after standing a few hours it became cloudy and indicated, in- 
organic iron. After a few jar tests this theory was proved by 
the ease of oxidation with any of the direct chemical methods. 
Finally a combination treatment using both chlorine and caustic 
soda was selected for the job for the following reasons : 

(1) The treatment removed ferrous iron in a heavy floc with- 
out the expense of aeration. 


(2) Eliminated carbon dioxide and prevented corrosion. 
(3) Eliminated sulfuretted hydrogen. 
(4) Sterilized the water and gave a residual chlorine. 


(5) The two solutions could be mixed in the same crock and 
fed through one feeder. 


Elevated Tank as Settling Basin 


The City had appropriated only $500 for the job, so we were 
forced to use the elevated tank as a settling basin and purchase 
only a heavy-duty Proportioneer’s feeder, 40 gallon crock, time 
switch and a few lengths of pipe. The 30,000 gallon storage 
tank was of conventional design with a short riser pipe within 
the 36” standpipe. This short riser-pipe was extended to about 
five feet above the bottom of the tank as shown in the accom- 
panying sketch. Of course, this reduced the available water 
storage but furnished a settling basin in the bottom of the tank 
for the sludge, which settled so rapidly and completely that no 
filter was necessary. 


In this system, as is true of other small supplies, little or no 
water was used after 9 p. m. so a time switch was adjusted to 
start both the pump and chemical feeder simultaneously at that 
time. This program also prevented untreated water from going 
into the system. A mercoid pressure switch in series with the 
time switch controlled the elevation of water in the tank. In this 
case the pump only operates a short time each night so the floc 
all settles before the draw comes on at 7 a. m., and gives a 
clear supernatant for consumption. About once a week the drain 
valve at the bottom of the standpipe is opened to remove the 
sludge from the tank. 

The operating personnel could give the system only a weekly 
inspection and the chemical solutions were difficult to prepare in 
such a short time. However, in most cities some company man- 
ufactures liquid bleach and has a regular delivery system. In 
producing bleach 20% caustic soda is treated with chlorine to 
give a 15% available chlorine solution. In this case, the dealer 
delivered both 20% caustic soda and bleach direct to our 40 
gallon crock. As the result the operators at the terminal did 
not have to prepare any solutions. In addition, the treatment 
was constant and the danger of inexperienced men handling 
chemicals was eliminated. 


Results 


After a few adjustments and flushing of the system, the 
water was of excellent quality and could be used for all domes- 
tic purposes. Table 2 reveals the gratifying results with this 
treatment as evidenced by samples taken from the piping system. 


Table 2 
Dose. Caustic Soda 200 pmg. (100% NaOH) Chlorine 8.34 pmg.* 
(Before (After 
Treatment) Treatment) 
EE iuia tt ap aia hipaa e tinea nbs awh ata eeanes 6.4 9.0 
hig Sl ale Wee Cairn dick cchveis wrote oe ates 31 0 
RE Sade cee, Laue en itdadsae swat 65 110 
lS eee re 0 7 
DO chs gat emdihiawns beaks seek es ece sais 27 10 
ME vcsbetaenwdad vnaweriewee aden eawe eces 3.2 0.60 
PRPS SARE ee rae ey PETA S et 10 0.01 
SEP whe utainnat ict de at ann cia Mate tudesécladas Present None 
*pmg. = pounds per million gallons. 


W. W. & S. — REFERENCE & DATA — 1945 





Riser Pipe 


i 











Sludge Area 


SASS A SASS SS SASSAAASSASSSS SASS 





~Oreain 








¢ T Tt % cont 
T T 
/ ump 














a 
Jo Ss ystem 





Sketch of Converted Tank 
Reveals simple changes made in extending the riser pipe and 
adding a tee to provide the shaded sludge separation zone. 
Accumulated but sterilised iron sludge is blown off systematically 
at the bottom of the original riser pipe. 


Another Case 


Never take iron for granted, for sometimes you realize that 
nature cares nothing for the theories of mankind. 

Take for example a 284 ft. deep well only five miles from 
the above supply. Table 3 reveals the characteristics of its 


water. 
Table 3 
(Well No. 2) 

BE A ia eratnkhwdh ck Meee aeay h aeNR Eee aa 
I Si i a ee cae ak a On u 
SS Gn Gir chdwas wowace cana neeanee 136 
SE a ia alae w wieiee dine ae Kowa 28 
TT Giitieleslcceh dace nkeiekaaehee teens 1.5 
Dae Tiered sageembanddunsecauseeh uae 3.0 
SN Alda ie lel aan oedipal tear br Oe Present 


We expected this water to respond to the same treatment but 
after a series of jar tests we found that the iron was in the 
organic form and required an elaborate filter plant with chlori- 
nation, alum coagulation, settling, filtration and pH correction 
to give the same quality effluent as produced by the simple 
chlorination, alkalinization and settling plant. Only three miles 
from this supply another deep well needed only chlorination and 
settling in our special tank to give an excellent water, so you 
never know about the fallacies of water until an actual study is 
made of its amenability to a given treatment. 


References 
(1) Negus, Sidney S., ‘‘The Physiological Aspects of Mineral 
Salts in Public Water Supplies.” J.A.W.W.A. 30:242 (Feb. 1938). 
(2) Taylor, D. R., ‘‘That Air Sniffer.’’ W.W. & S. 88:352 (August 
1941. (Also page 74 of this Section.) 
(3) McCrea, T. R., ‘‘Removal of Organic Bound Iron from 
Highly Colored Water.’’ J.A.W.W.A. 25:931 (July 1933). 
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Are You looking for a way to improve 
the quality of your water supply? Try 
PQ Silicates as your coagulant aids. 
Silicates, when converted into sols, 
increase the rate of growth of the floc 
as well as its size and toughness. Sus- 
pended solids are enmeshed in this 
floc which settles rapidly even in cold 
water. Thus water is clearer, with the 
filter capacity stepped up considerably. 


Four methods for converting silicate 


Silicate coagulant methods patented by 
PQCo. are licensed ‘without charge. 









aids for water purification—PQ Silicates 


of soda into useful coagulant silica 
sols are currently practiced. The choice 
of the reacting chemical (acid, ammo- 
nium salts, alum or iron salts) de- 
pends on the water and the steriliza- 
tion method. 


Our technicians are glad to consult 
with you on the proper converting 
procedure for your water supply and 
to arrange for a test. 


Your reference file should have these 
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publications on PQ Silicates for water 
purification. Available upon request. 


Bulletin No. 52-4. Water Purification 
Methods Involving Sodium Silicates. 


Bulletin No. 52-5. Colloidal Silica as an 
Aid to Floc Formation. 


PHILADELPHIA QUARTZ CO. 
Dept. C, 119 South Third Street, Phila. 6, Pa. 
Chicago Sales Office: 205 West Wacker Drive 





WOPKS: Anderson, Ind. © Baltimore, Md. © Chester, Pa. © Gardenville,N.Y. © Jeffersonville, Ind. © Kansas City, Kans. © Rahway,N.J. © St. Louis, Mo. © Utica, Ill. 
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THE ANTHRACITE 


101 


EQUIPMENT CORP. 


Park Avenue 


NEW YORK CITY, N. Y. 


ANTHRAFILT — an Improved Filter Medium 


Anthrafilt and Its Application 


Anthrafilt is made from a selected Pennsylvania anthracite 
which has been cleaned so as to have a minimum ash. This 
cleaned anthracite is then screened and classified hydrauli- 
cally to yield sizes suitable for filter purposes. 


Anthrafilt is used as a mechanical aggregate in place of 
sand and gravel in all kinds of filters, i.e. 
Slow filters 
Pressure filters 
Oil removal filters 
Alkali filters 
Acid filters 
Sewage sludge-beds 
Household filters 


Rapid gravity filters 

Swimming pool filters 

Hot process softening filters 

Cold process softening filters 

Mechanical sewage filters 

Revolving screen filters 

Portable filters 

The entire filter bed may be made up of Anthrafilt of 
various sizes or only the top layer may be of Anthrafilt over 
the usual bed of gravel. 


Advantages of Anthrafilt 


High Filtration Rate: 
with Anthrafilt without sacrifice of effluent quality. 
cepted average rate with sand is 125 mgad. 


Long Filter Runs: The larger, irregular Anthrafilt grains 
allow less clogging with algae or other fibrous substances. 
The angular grain surfaces provide greater entrapping areas 
for the removal of turbidity and bacteria. The differences 
in shape and specific gravity of the grains, by decreasing 
classification after back washing, allow the whole depth of 
the filter bed to be active in the filter operation. 


Low Wash Water Costs» The long filter runs and conse- 
quent less frequent washing and the low degree of packing 
after back washing combine to cut the usual wash water 
requirements at least in half. 


Rates up to 200 mgad are obtainable 
The ac- 


No Cementing with Lime, Manganese or Iron: Lime will 
coat on Anthrafilt but this coating readily flakes off without 
any cementing action if filters are properly operated. Man- 
ganese and iron salts precipitated on Anthrafilt by the lime 
treatment are easily removed by back washing. 

High Degree of Expansion: 50% expansion is obtained with 
half the back wash velocity required for sand. 


Coarse Sizes Can Be Used: 


filtration characteristics permit the use of much larger sizes 


The irregular shape and natural 


with equal results. 
Gravel Beds Stay Flat: 
cracking and pulling away from side walls during operation. 


Low First Cost: Lighter weight per unit volume balances 
the cost differential between Anthracite and sand and saves 
on freight and handling charges. 


No ridging or mounding and less 


Filtration Characteristics 


Anthracite granules are irregular shaped and of varying 
densities. Weights run about 53 pounds per cubic foot as 
against 100 pounds for sand. The irregular shapes provide 
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greater porosity resulting in more rapid filtration with no 
loss in character of effluent and with considerably less loss 
of head. 

The variable densities of Anthrafilt particles cause less classj- 
fication after back washing and the lighter, irregular shapes 
allow easier expansion and more effective cleaning. 


The greater bulk of Anthrafilt requires less tonnage per 


filter bed. Attrition losses amount to less than 0.25% per year. 


Anthrafilt successfully removes lime, iron and manganese 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes of 
easily without cementing and the iron and manganese salts 
are readily removed by back washing. Oil is easily removed 
from boiler water after coagulation with ferric sulphate, 
ferrous sulphate or alum. Anthrafilt can also be used for the 
filtration of acetic and sulphuric acids and caustic soda solu- 
tions. Being insoluble in alkaline waters, Anthrafilt produces 
silica-free water in hot process water softening. 




















Upward impulses of water produces greater agitation of angular 
grains, hence Anthrafilt beds are cleaned more effectively. 


Anthrafilt No. 1 is usually made in sizes ranging from effec- 
tixe size of .60 m.m. to .80 m.m. the uniformity coefficient is 
We can make smaller sizes or 
The remaining sizes 


less than 1.75 in all sises. 
larger sizes, but for special cases only. 
of Anthrafilt are as follows: 


No. 2. Anthrafilt—3/32”x3/ 16” 

No. 3. Anthrafilt—3/16"x5/16” 

No. 4. Anthrafilt—5/16”x9/16” 

No. 5. Anthrafilt—9/16”x13/16” 

No. 6. Anthrafilt—13/16"x1-5/8” 

No. 7. Anthrafilt—1-5/8"x2-7/16”" 
The above sizes have 20% tolerance. 


ANTHRAFILT ECONOMY 
When Used in Existing Filtration Plants 


Increased capacity with same plant 
Decreased volume of wash water 
Lower maintenance cost through 
mounding and air binding. 


elimination of ridging, 


When Used in New Filtration Plants 


Lower plant investment 
Lower cost per cubic yard 
Lower wash water costs 
Lower maintenance costs 
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ANTHRAFILT AND ITS SIGNIFICANCE* 





By H. G. TURNER 
Research Engineer, Anthracite Equipment Corp. 


NTHRAFILT is a filter medium made from Pennsylvania 
A anthracite. The first step in its preparation is the selection 
of a type of raw material which will provide a particle free from 
small fracture cracks and possessing the best form. This particle 
must be strong enough to withstand years of backwashing with- 
out breaking into smaller grains and should be sharp, angular 
and fiat. : ; 

After the highest quality of raw coal is selected it is sent to 
the breaker where it is crushed, thoroughly washed and cleaned 
by gravity separation methods which free it from slate and 
associated non-coal mineral substances. The crushed material is 
finally screened over vibrating screens equipped with jets of 
water which assist in producing the desired size and remove, as 
far as possible, all very fine particles. 

No one standard size is made in the screening process. Instead, 
different sizes are made to meet the various conditions of water 
treatment, water characteristics, filter design and filter operation. 
Information as to the best size for a given installation is obtained 
through a questionnaire sent to each purchaser. The purchaser 
who has had no experience with Anthrafilt should accept the 
specifications of the manufacturer regarding the proper size to 
be used. The manufacturer can make one size as cheaply as 
another so has no reason, other than the satisfactory operation 
of filters, to recommend one size in preference to any other. No 
filter expert, regardless of his years of experience or standing 
in the profession, can say with assurance what size Anthrafilt 
should be used in a filter unless he has conducted his own tests 
on this material under proper conditions in the laboratory or 
in the field. The reason for this will be made clear as this thesis 
is developed. These remarks all apply to the sand-size Anthra- 
filt. The sizes that are used in place of gravel are made to 
standard dimensions and are used in much the same way as 
gravel. 


Properties of Anthrafilt Versus Sand 


Sand is composed almost entirely of silica. It is insoluble in 
most acids but is soluble in alkalies. Its specific gravity is 2.65, 
and weight approximately 100 Ib. per cu. ft. The particle shape 
is commonly rounded. 

Anthrafilt is composed of carbon plus a small percentage of 
ash-forming mineral matter. It is not soluble in common acids 
or alkalies. Its specific gravity is 1.60 and weight approximately 
50 Ib. per cu. ft. The particle shape is sharp, angular and flat. 

While it is true that silica sand and Anthrafilt have many 
other characteristics than those given, these are the ones of 
greatest significance in their contrasting behavior in filters. 

Filters act both as strainers and as entrapping agents. Where 
no coagulant is used, the strainer action predominates. Where 
coagulants are used, entrapment predominates. Since the degree 
of entrapment is directly proportional to the surface area of the 
filter medium, the angular particle of Anthrafilt is more efficient 
than the same sized sand having a spherical shape, because an 
angular grain has a greater surface than a sphere of the same 
volume. 

In practice, this means that a coarse Anthrafilt particle will 
give the same degree of turbidity removal as a relatively fine 
sand. This is important when one considers that a coarse filter 
medium, in contrast to a fine one, will give longer runs between 
backwash periods, will not clog as readily with algae, will develop 
lower head loss, will permit higher rates and will be cleaned more 
thoroughly when backwashed. 

_Since coarse Anthrafilt (+0.75 mm. effective size) is as effi- 
cient as fine sand (+0.40 mm. effective size) in turbid matter 
removal and since it weighs half as much, it can be substituted 
for fine sand without sacrificing the quality of effluent and with- 
out detracting from a high degree of filter bed expansion when 
backwashed with the same velocity as used with fine sand. 

Users of Anthrafilt have found that it is more readily cleaned 
under routine backwashing. This has been strikingly demon- 
strated by Paul Weir of Atlanta, Ga., who made intensive turbid- 
ity determinations on the wash water discharged to sewer in the 
case of parallel experimental sand and Anthrafilt filters. In every 
determination the turbidity of the waste water from the Anthra- 
filt filter was higher than it was in the sand unit. This behavior 
is partly due to the particle shape and partly due to the com- 
position of the Anthrafilt grains. Because of its dominant carbon 
content, Anthrafilt does not react chemically with the turbid 





*Published in the Jour. A. W. Wks. Assn., 36, 431 (1944). Re- 
printed by permission of the Association. 


matter which envelops the grain during filtration. Hence it not 
only releases common dirt easily but also does not become badly 
coated with lime, manganese or iron. With proper filter design 
and operation it will not coat even where lime-soda softening is 
used and only very slightly in iron removal filters. 

Where the hot-process, lime-soda softening is used, Anthrafilt,’ 
after the first few days of operation, will contribute no silica or 
other mineral matter to boiler feed water. Sand, on the other 
hand, will release silica to the water flowing through the soften- 
ing unit. 

The properties of Anthrafilt have made it very effective in 
filters of all kinds—filters for removal of oil, boiler treatment 
filters, swimming pool filters, chemical filters, iron removal filters, 
sewage filters, portable filters where light weight is important, 
and municipal filters of gravity, pressure or slow-sand type. 


Historical Data 


The first filter for clarification of municipal water was a slow 
sand filter built in London, England, in 1829. This filter was 
cleaned by scraping the surface and removing the upper portion 
of the sand for washing. In 1856, Tours, France, built the first 
filter to be backwashed. Since it was impossible to obtain enough 
pressure to lift the sand, this system of cleaning was abandoned. 

The rapid filter was an American invention which was in- 
stalled in industrial plants around 1883. This type of filter was 
first employed in the treatment of a public water supply at 
Somerville, N. J., in 1885. Up to this time little attention had 
been given to coagulation. From 1885 on the use of coagulants 
became a widespread practice. Sedimentation basins were given 
no serious consideration until several years after coagulation 
came into the picture. In all early filters the efficiency of the 
units was rated on bacterial removal. Chlorination had not yet 
become a recognized practice. Sand sizes, filter depths and filtra- 
tion rates were all designed to give a clear water under these 
crude conditions of water treatment and filter design. 

This historical sketch is cited to show that we may have in- 
herited rules and regulations which no longer apply in view of 
filter improvements in many directions. The most outstanding 
relic of those early days is the commonly accepted filtration rate 
of 2 gpm. per sq. ft. for rapid filters. There have been great 
improvements in sedimentation basins, coagulation, chlorination 
and filter design, and yet the presently accepted filtration rate is 
the same as it was in the- days before coagulation, chlorination 
or sedimentation. This does not seem logical. 

There is adequate evidence that a filtration rate considerably 
in excess of 2 gpm. per sq. ft. is possible. As far back as 1898 
Fuller reported successful filter operation at rates as high as 
3 gal. In his “Report on Investigations Into the Purification of 
the Ohio River Water at Louisville, Ky.,” he states: “But it is 
probable, in view of the results of the Western pressure filter, 
that in practice under favorable conditions the plant could be 
operated so as to make increased (uniform) rates in a measure 
meet increased demands for filtered water.” In the same report 
he states further: “In all these systems the provision for sub- 
sidence, both with and without coagulation, was thoroughly in- 
adequate.” 

As an example of more recent evidence, it has been reported 
that a total 4-gal. rate is used through sub-surface as well as 
surface filtration at the Kenilworth, IIL, filter plant.? While the 
rate is 2 gal. through the top of the filter and an added 2-gal. 
sidewise rate below the upper 2 in., the total vertical rate for the 
lower half of the filter is 4 gpm. per sq. ft. 

About 1940 the Lansing filtration plant* was operating at a 
3-gal. rate. The St. Louis (Howard Bend) plant is also designed 
to operate at a 3-gal. rate. The most recent installation is the 
new Chicago filtration plant* designed to operate at a 4-gal. rate 
during the summer and a 3-gal. rate during the winter. In ad- 
dition, many plants are operating more or less subrosa at a 
3-gal. rate. 

In all the recent filtration plants designed to operate at higher 
than a 2-gal. rate, flocculators are used and some form of agita- 
tion or surface wash is used in the filters. Furthermore, at 
these plants more than average attention is given to the forma- 
tion of a large, or at least a tough, floc particle. 


The Part Played by Anthrafilt in Increasing Filter Capacity 


The first municipal filtration plant to increase its capacity 
through the use of Anthrafilt was the Passaic Valley Water 
Fig. 1 shows how the 


Commission plant at Little Falls, N. J.° 
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Fig. 1. The First Municipal Filtration Plant 

(Passaic Valley, N. J.) to Use Anthrafilt to 

Boost Its Filter Capacity Showed a 50 Per 
Cent Increase.* 


capacity of these filters was increased at least 50 per cent. The 
solid lines indicating the filtration rate show that Anthrafilt in 
tank No. 14 maintains its rate with little change over the full 
length of run, while in the sand tanks Nos. 1 and 17 the flow 
drops off rapidly within 2 to 4 hr. Air wash was used in these 
filters. The next municipal plant to use Anthrafilt to increase 
plant capacity was New Toronto, Canada, where capacity has 
been increased 100 per cent. At about this time the plant ca- 
pacity of Oklahoma City, Okla., was increased from 16 med. 
to 30 mgd. by substituting Anthrafilt for sand. 

Within the last year the Pennsylvania Water Co. at Wilkins- 
burg, Pa., because of excessive war demands, was forced to in- 
crease its capacity (Figs. 2 and 3). It will be noted that better 
than a 3-gal. rate is maintained for 24 hr. by the Anthrafilt units 
but it decreases rapidly in the sand units. With the filters not 
greatly loaded (Fig. 4) both Anthrafilt and sand hold their 
higher rates for the duration of the run although the Anthrafilt 
develops a much lower head loss. Palmer filter agitators were 
used. 

Figs. 5 to 8 are photographs of 7-day loss-of-head charts from 
the filters of the city of Buffalo, N. Y. It will be noted that 
the Anthrafilt filter (Fig. 5) shows a filter wash once during 
the week; the sand filter (Fig. 6) shows two washes during the 
week. In Fig. 7 the Anthrafilt filter had to be back-washed 
twice a week during the algae season while the sand filter (Fig. 
8) had to be washed 14 times. Palmer filter agitators were used 
in the Anthrafilt filter. 

Many industrial plants have increased their filter capacity 
through the use of Anthrafilt plus recommended mechanical 
alterations. The best example of what has been done in an 
industrial plant is the experience of the Hammermill Paper Co. 
at Erie, Pa. A few years ago they doubled the capacity of 
their filters by changing from sand to Anthrafilt and installing 
Palmer filter agitators. This industrial plant is chosen because 
they filter 25 mgd. as compared with 30 mgd. for the entire city 
of Erie (population 127,000) and because they make a product 
of such high quality that their water must be close to perfect. 

The author is firmly convinced that any filtration plant that 
is now operating at a rate of 2 gpm. per sq. ft. can increase 
its capacity by 50 to 100 per cent by taking one or all of the 
following steps: 

1. Conduct laboratory tests to determine what kinds and what 
amounts of chemicals are necessary to secure the best floc under 
all conditions. 

2. Make provision for quick mixing of chemicals with raw 
water. 

3. Use pre-chlorination. 

4. Improve flocculation by installing flocculators. 

5. By means of floats or color solutions, test basin to locate 
short circuits. Install or remove baffles to counteract short 
circuits. 


*Courtesy Arthur T. Cook, Gen. Supt. and Engr., Passaic Valley 
Water Com., Paterson, N. J. 

tCourtesy R. B. Adams, Chief Chemist, Pennsylvania Water Co., 
Wilkinsburg, Pa. 
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HOURS OPERATED 


HOURS OPERATED 


Figs. 2-3. Better Than a 3-Gal. Rate Is 
Maintained for 24 Hr. by Anthrafilt 
Units at Wilkinsburg, Pa# 


6. Compensate for reduction in sedimentation time and hence 
overloaded filters by installing surface wash if other forms of 
adequate sand surface agitation are absent. 

7. Change from fine sand to coarse Anthrafilt of the proper 
size to meet the conditions. Coarse, water-worn sand will not 
be effective. Crushing vein quartz might work but it would 
require twice the wash-water velocity for backwashing. 

In general, filter runs between washes should continue as long 
as a satisfactory effluent is produced but not beyond a period 
where the filter can be cleaned by backwashing. Anthrafilt will 
give filter runs at least twice as long as sand and still not load 
the filter to a point where it cannot be cleaned by backwashing. 
Georgia® obtained experimental runs of 300 hr. in an Anthrafilt 
unit at the Cornell University filtration plant. He says, however, 
that “...it is not believed to be good practice to put this much 
load on the filter. Runs have now been reduced to one week 
and they may be cut even more if future operation makes this 
seem desirable.” There are probably many filtration plant super- 
intendents who would not complain if their filter runs were 
reduced to one week. 

Loss of head is a convenient indicator that a filter has run 
long enough. It should be correlated, however, with the quality 
of the effluent and conditions of filter, and should not be used 
as an arbitrary figure. The loss of head in Anthrafilt is rarely 
over 4 to 5 ft., whereas sand filters, under the same conditions 
other than filter medium size, will show a head loss of 9 ft. or 
more. 


Size of Filter Medium and Filter Depth 























" z 

One of the =40 70 
best papers on & | 
this subject was = 
prepared by c3o- 60 FO FS T0ss OF HEAD 
Temas bi. ¢ 1g FILTER RATE NO. 5~ DR ON 
Riddick.’ Much a ANTHRAFILT:, 
of the value of g2.0- 2 50}-LOSS OF HEAD E.S.=0.58 MM 

; ; - 7 FILTER NO 5 UC. =1.47 
his paper is z oO SAND:- 
found in a dis- S++ S40 — E.S.=0.51 MM 
cussion by sev- ” md U.C.= 1.32 
eral experts. In = ° 
the same Jour- — 3% 
nal is a paper ver = “ 
by G. B. McCall, — hCG ns: sella 
S. E. Edwards, g FILTER RATE NO. 2 
and Edward S. 
er W20- 10 LOAD:- 

og : — : J TURBIDITY -12 PPM 
papers one can L SSS ee a ee 
arrive at as 0 4 8 12 16 20 24 


HOURS OPERATED 


Fig. 4. Filters Are Not Heavily Loaded 

Both Anthrafilt and Sand Hold Higher 

Rates for Duration of Run at the Wil- 
kinsburg Plant.t+ 
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laboratory filter results to 
actual large filters or to ap- 
ply findings from a filter of 
one type to one of different 
design. If these results are 
related to a large filter using 
high-velocity wash and high 
freeboard, they will not ap- 
ply to a filter without 
troughs or low freeboard or 
to low-velocity wash plus 
agitation during washing. 

In our own experimental 
work with Anthrafilt and 
sand it was found that a flat, 
angular grain was more 
effective in turbidity removal 
than a rounded grain. We 
agreed with all other inves- 
tigators that the deeper the 
filter the coarser the filter 
medium could be. In apply- 
ing our results it was de- 
cided that particle size and 
filter depths should be spe- 
cified to suit the conditions oS 44 
of treatment, filter design SL) raul 
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effective size of 0.70-0.73 Paaan ae 
mm. and a uniformity coeffi- a a a 


cient of less than 1.60 with 
a filter depth of 30 in. When 
a depth of 18 to 20 in. is all 
that can be placed in a filter 
the size is decreased to 0.58- 
0.62 mm. effective size. Where depths greater than 30 in. are 
available the size is increased accordingly. These general meas- 
urements are often modified to meet special conditions. 


Filter Wash—Length and Strength 


Fixing a length of time for filter washing is like fixing a 
length of time for washing hands. Three minutes may be plenty 
for hands that rock the cradle but entirely inadequate for hands 
that grease motors. Filters should be washed long enough to 
clean them—which means a short wash if they are not very dirty 
and a long wash if they are filthy. 

_The wash water velocity required to clean a filter should be 
high enough to give nearly 50 per cent expansion if water wash 
trom below is used exclusively. If adequate agitation during 
washing is available, a low-velocity wash is effective and of 
course a relatively low expansion of filter bed. 

Anthrafilt filters are usually washed with a 24-in. rise during 
the winter and a 30-in. rise during the summer. Where filter 
agitation is available, wash water velocities of 18 in. rise per 
minute, even for the coarsest material, have been found adequate. 
There will be no greater*loss of Anthrafilt than of sand during 
the life of a filter. While Anthrafilt is half as heavy as sand, 
the weight of the individual particle is not half that of ordinary 
sand because a coarser particle of Anthrafilt is used. 

One cause of dirty filters is the feeling that it is a disgrace 
to lose filter medium. A plant may use several carloads of alum 
per year without disturbance and yet if a little sand is washed 
from the filters it is the basis for criticism. The filter operator 
is usually instructed to use great care in washing the filter so 
as to lose no sand, and, as a result, commonly underwashes. If 
he were instructed to be certain to wash filters so as to lose 5 


Figs. 5-8. 































Charts Show 7-Day Loss-of Head From the Filters of the City of 
Buffalo, N. Y. (Courtesy Henry Wagner, Chief Chemist, Div. of Water, Buffalo, 
N. Y 
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per cent of the sand per year, the filters would be kept in a 
much cleaner condition. Two filtration plants in a large indus- 
trial city may be cited as examples: At one plant no sand has 
been purchased for 23 yr. and the filters are full of mud and 
cracks. At the other plant one carload of sand is purchased 
each year and the filters are very clean. Where filters are pro- 
vided with means for effective agitation of the material during 
backwashing, no sand loss is likely to occur. 
Summary 

Since Anthrafilt is essentially a carbon, and hence more nearly 
chemically inert than any other filter médium, it is well suited 
for many filtration processes. Its conchoidal fracture produces 
a particle which has the most desirable shape for use in filters ; 
its low specific gravity and angular shape makes possible longer 
filter runs and more effective filter washing at lower backwash 
rates. Filter capacities have been increased from 25 to 100 per 
cent through the use of Anthrafilt. 
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The writer, in 1930 presented some of the factors involved 
in preventing corrosion of water pipes.’ Curves were given to 
show the solubility equilibrium of iron and zinc compounds in 
the presence of their respective metals. These curves (Fig. 1) 
show that practically no iron or zinc will exist in. solution when 
the pH is above 8.0. At a pH of 7.0 several parts per million 
of either metal may exist in solution in some form in the absence 
of oxygen, and at a pH of 6.5 quite a large amount of iron or 
zinc may be found in solution in the absence of oxygen. The 
article explained how corroding iron took all the free COs 
and much of the half-bound CO. from the water, leaving the 
water distinctly alkaline where there was no dissolved oxygen 
present. If the water contained dissolved oxygen the iron was 
precipitated as a kydrous oxide. Section of a 1-in. cement lined 
pipe, which had been in service for 50 years at Danvers, Mass., 
also was shown. The interior of the pipe was in fairly good 
condition, indicating that the lining was still giving very good 
»rotection. 














Carrying Capacity of Pipes Greatly Reduced by Incrusta- 
tion Resulting from Corrosion.—That the carrying capacity of 
iron pipes may be greatly reduced by tuberculation and incrus- 
tation as a result of corrosion is well known to most every one. 






Haydock’® describes how cleaning the tubercles or incrustation 
from several pipe lines increased the flow. One line carried 
only about one-half its theoretical capacity, and another about 
two-thirds. Cleaning a pipe line 3 miles long increased the ca- 
pacity to the extent that a pumping station could be abandoned, 
and cleaning another line 5 miles long also enabled the aban- 
donment of a pumping station. The friction loss through a 12- 
in. line 4 miles long 20 years old was nearly three times that 
of a new line. The capacity was increased by approximately 
35 per cent and the delivered pressure by 20 lb. The gravity 
delivery of a 16-in. pipe 10.5 miles long was increased 60 per 
cent by cleaning. Cleaning a 13 mile section of a 12-in. pipe 
line 22 miles long, which had been in service about 16 years, 
increased the capacity approximately 35 per cent, and cleaning 
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TREATING WATER TO PREVENT CORROSION 
By JOHN R. BAYLIS 


Associate Editor, Water Works & Sewerage 
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Fig. 2 


another section of the line 6 miles in length increased the carry. 
ing capacity to 46 per cent. 


Increased Pumping Pressure or Larger Mains Very Expen- 
sive-——In some instances it is possible to deliver the desired 
amount of water through distribution systems that have become 
partially clogged by increasing the pumping pressure as the 
friction losses increase, or to install booster pumping stations 
on the distribution system in certain sections where the pres- 
sure is low. Haydock refers to the delivered pressure being 
increased 20 Ib. by cleaning the pipes in one instance. Assume 
that it was desired to maintain this 20 lb. increased pressure, 
evidently it was quite expensive to do it at the pumping sta- 
tion. A fair average of the cost of lifting one million gallons 
of water 1 ft. in height is probably 5 ct. Twenty pounds is 
equivalent to about 46 ft. in head. In this case it would cost 
about $2.30 per million gallons to maintain the increased pres- 
sure. 

If corrosion is going to reduce the carrying capacity of the 
water mains in a certain city 50 per cent within 20 years, what 
is the best way of handling such a situation? Should mains 
be installed large enough to give the desired capacity with a 50 
per cent reduction in carrying capacity? The cost of such an 
investment over what would be necessary if there was no cor- 
rosion very likely would be much more than the cost of mak- 
ing the water reasonably non-corrosive. 

With the exception of feeder mains, engineers usually design 
the water distribution system for fire protection. How many 
engineers allow for a 50 per cent reduction in the carrying ca- 
pacity of the pipes within 20 years where the water is corro- 
sive? How many make any distinction whatever in the design 
where the water is corrosive and where it is not corrosive? The 
writer is of the opinion that corrosion has not been given its 
proper consideration in the design of water systems. This is 
largely due to the lack of specific information in the past as 
to how much the carrying capacity will, be reduced within a 
certain time. 


Treatment with an Alkali for Partial Protection.—The litera- 
ture on the treatment of water to prevent corrosion indicates 
quite conclusively that the corrosiveness of water may be greatly 
reduced by proper treatment. It seems that some of the authors 
of articles on corrosion prevention do not fully realize the im- 
portance of a film for protection. So long as iron stains are 
prevented, some think that this is all the treatment that is neces- 
sary. As a matter of fact the carrying capacity of the pipes 
may be reduced just as rapidly as before, because most of the 
corroding iron is deposited near where the corrosion is taking 
place and forms large tubercles that are more effective in re- 
ducing the carrying capacity of the pipes than if the rust was 
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deposited fairly uniform over the surface of the pipe. Treat- 
ment just to the point where red water complaints cease may 
not materially reduce the cost to the water department for 
cleaning pipes, constructing new mains, and increasing the pump- 
ing pressure. 

Water Just Saturated with Calcium Carbonate s the Most 
Des‘rable Equilibrium.—As a general rule, it might be said that 
water saturated with calcium carbonate is the most desirable 
equilibrium when everything is taken into consideration. This 
is not strictly true for very soft waters, for it is desirable to 
have the water slightly supersaturated part of the time so as 
to form a thin protective film. Where the calcium carbonate 
alkalinity of the water is below 30 parts per million the appli- 
cation of lime to produce a slight supersaturation of calcium car- 
bonate should be done with considerable care, otherwise caus- 
tic water might be produced. After a thin coating has been 
formed on the pipes the water should be kept saturated with 
calcium carbonate practically all the time to keep the coating 
from being dissolved. It is admitted that the very soft waters 
are the most difficult to protect, for we are working with 
equilibriums difficult to maintain exactly on the saturation point. 
It may be almost impossible to do this with the force available 
in small plants and it may be necessary to sacrifice some pro- 
tection to avoid occasional caustic taste in the water. There is 
no reason why large plants with skilled supervision should not 
be able to maintain a fairly constant equilibrium. 


R-149 


Table I—Rapid Increase in pH Caused by Corroding Iron 


Time in Contact 
with the Iron 


Alkalinity Minutes x] Fe in 
39 2 Solution 
1 7.3 
2 7.4 
3 7.7 
5 8.2 
10 9.2 
15 9.4 
35 20 9.6 0.0tr 


Where water has a calcium carbonate alkalinity in excess of 
about 30 it is easier to protect the pipes. If this water is placed 
in contact with an iron surface the iron going into solution will 
take up all the free Cos that is in the water and part of the 
half-bound CO: Table I shows how guickly the pH changes 
in water exposed to iron lathe turnings. After the pH reaches 
8.1 no free COs is present. This was due to the CO, combin- 
ing with the corroding iron. 


At any point on the surface of an iron pipe where corrosion 
starts to take place due to the surface becoming exposed in some 
manner, there is a tendency for the iron going into solution to 
take up the free and part of the half-bound CO,, producing 
a supersaturation of calcium carbonate in the immediate point 
where corrosion is taking place. This supersaturation helps to 
quickly form a coating over the exposed surface both by precip- 
itating the iron compounds and also some calcium carbonate, 
especially when the water has a fairly high alkalinity. If the 
water in the mains is saturated with calcium carbonate, then the 
precipitated calcium carbonate will not be dissolved out of the 
percipitate. It will remain where it is precipitated to offer pro- 
tection against further corrosion. 


Most natural waters contain magnesium carbonate as well as 
calcium, and the presence of a considerable amount of magne- 
sium may materially alter the equilibrium curve. This is shown 
by the curves in Fig. 2. The presence of sodium carbonate also 
alters the curve. When sodium carbonate is present the only 
way the saturation equilibrium of the water in regards to cal- 
cium carbonate can be determined is by actual trial. 


Temperature also has an effect upon the saturation equilibrium 
of calcium carbonate. The curves shown in Fig. 2 were deter- 
mined at room temperature, that is, about 20 to 22° C. The 
other curves are based on actual tests, but not enough were run 
to state that the curves are absolutely correct. They should be 
regarded as somewhere near the true lines. 

Corrosion prevention by treatment of the water has been dem- 
onstrated to be practical and economical. This being true, then 
it seems that all corrosive waters should be treated. 





1Baylis, J. R. How to Avoid Loss by Pipe Corrosion. WaAtTsR 


Works ENGINEERING, 83 :13-14, 31-32, 35-36, Jan. 1, 1930. 
tHaydock, C. The Cleaning of Cast Iron Water Pipe Lines. 
Jour. Am. Water Works Assoc., 11:533-4, May, 1924. 





The Influence of Dissolved Oxygen on Corrosion Losses 


Engineers and chemists are constantly studying the theories 
and mechanics of corrosion because it is only through better 
understanding of fundamentals that they will be able to di- 
ininish losses due to corrosion. 


Thirty years ago, R. W. Whitney, now vice-president of the 
general Electric Company, announced that the corrosion of metals 
was an electrochemical process and this view is now generally 
accepted. When a metal is in contact with even slightly acidic 
solutions, corrosion takes place by the chemical process of the 
metal replacing the hydrogen in the acid. The acid dissolves the 
metal and thereby hydrogen is released. The same holds for 
corrosive waters. 


Released hydrogen coats the metal surface with an electri- 
cally charged layer that prevents the chemical reaction from con- 
tinuing at the initial rate. If the hydrogen layer is built up 
to a sufficient thickness the reaction is practically stopped. How- 
ever, under natural conditions, the hydrogen combines with 
the oxygen of the air or that dissolved in the water to form 
water and solution of the metal goes on. The amount of oxygen 
available to remove the protective hydrogen blanket determines 
the extent of corrosion. 


Impure metals are corroded more quickly as a rule than pure 


metals. Electrochemists believe that this is due to the impuri- 
ties taking up the oxygen. Contrary to the popular belief, how- 
ever, pure metals are subject to corrosion under the action of 
certain acid solutions. Prof. O. P. Watts of the University 
of Wisconsin has recently shown that if oxygen is absolutely 
excluded copper will not corrode in a solution of sulfuric acid, 
a reaction that is very rapid in the open. 

The importance of the dissolved oxygen content of corrosive 
water is thereby once more emphasized. When this element is 
present in high concentration a higher pH value must be main- 
tained to prevent corrosion of mains than otherwise; and, par- 
ticularly of household services or piping subjected to increased 
temperatures which create accelerated attack. 

This suggests that there is some question as to the merits of 
aeration of waters which are normally aggressive, unless the 
pH value is raised sufficiently by alkali addition to reduce the 
hydrogen ion concentration considerably; below that which is 
commonly considered to represent a neutral water. It has in 
fact been demonstrated that ofttimes waters high in oxygen con- 
tent and low in hardness must be raised to pH 9.5 in order to 
check even the cold water corrosion of mains. In some aerated 
waters a pH value of 10 to 10.5 is required, which is costly and 
questionable practice with public supplies. 
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Hexametaphosphate treatment 


has been used satisfactorily 


The Army wants its hot water hot — 
180°F. minimum is specified for wash- 
ing dishes. Heaters operating at the 
higher levels necessary to deliver water 
in the mess halls at this temperature 
naturally scaled up or corroded out at an 
extreme rate. 

Post engineers seeking an answer to 
their mounting difficulties back in 1941 
turned to Calgon* for help. Simple and 
straightforward treatment with a few 
pounds of Calgon kept heaters on the 
line continuously for many months in- 
stead of a few days, cut down losses of 
critical equipment at a time when every 
pound of metal was precious. 

Now the Army in a recent survey of 
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at ninety-two posts 








*Calgon is the registered trade-mark of Calgon, 
Inc., for its glassy sodium phosphate products. 





its installations in this country, finds 92 
posts where Calgon is relied upon to do 
at least one of the three jobs it does so 
effectively: 


1. Prevent scale 
2. Prevent “red water’ 
3. Control corrosion 


Calgon pioneered these developments. 
Today, in war industry, as in Army 
camps, unadulterated Calgon made 
from food-grade phosphoric acid is 
doing an outstanding job in solving 
water problems, 
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ALGON is a molecularly dehydrated, glassy phosphate com- 
monly known as hexameta-phosphate and usually given the 
formula (NaPOs)s. It is easily dissolved and fed by any solu- 
tion feed device. For the past ten years it has been of interest 
and of increasing importance in many phases of water treat- 
ment. Its use in several hundred plants during the last six years 
has shown that the continuous application of small amounts of 
Calgon to municipal water systems overcomes many of the 
problems commonly encountered. — 

Calgon prevents the precipitation of calcium carbonate from 
lime or lime-soda softened water as well as from hard waters 
high in bicarbonate alkalinity. Its addition to well water pre- 
vents the precipitation of dissolved iron therefrom, while its 
addition to any water reduces corrosion throughout the system. 
At first glance, these various applications and effects do ‘not 
seem related but the result obtained in each case appears to be 
due to the adsorption of the Calgon on the surfaces of the 
metals, their metallic salts and oxides involved. 





Stabilization of Water After Lime 
or Lime-Soda Treatment 


After-precipitation of calcium carbonate from lime or lime- 
soda softened water has been a problem ever since the first soft- 
ening plants were placed in operation. Although after-precipita- 
tion can be prevented more or less completely by recarbonation, 
the limits between which such a treatment must be maintained 
are very narrow and, although scale may be prevented in this 
manner, corrosion often results particularly in hot water heaters. 

The addition of 1 or 2 ppm. of Calgon completely prevents 
after-precipitation from lime or lime-soda softened water.’ It 
is believed that the metaphosphate is adsorbed on the crystal 
nuclei of calcium carbonate as rapidly as they form in the 
water, thus isolating each nuclei from further contact with the 
water and preventing its growth. This property of Calgon 
brings about the stabilization of a supersaturated water, from 
which calcium carbonate would otherwise precipitate. 

The addition of Calgon to the water passing to the filters will 
keep the sand and underdrainage system free from incrustation. 
In cases where the additional scftening effect obtained by the 
removal of some of the hardness on the filters is desired, the 
metaphosphate should be added to the clear well. Stabilization 
with Calgon will result in mains, meters, and hot water systems 
remaining free from calcium carbonate scale. 


Precipitation of CaCO; from Hard, 
High Bicarbonate Waters 


Calgon has the same stabilizing effect on waters which are 
naturally hard and high in bicarbonate alkalinity. Where ordi- 
narily the loss of COs or an increase in temperature would cause 
the formation of scale, this deposition is prevented by the pres- 
ence of small amounts of Calgon. 

Calgon treatment has proven entirely successful in preventing 
scale formation in hot water heaters with waters up to 1400 ppm. 
hardness and 600 ppm. bicarbonate, and at temperatures up to the 
atmospheric boiling point. At the most, an addition of 3 ppm. is 
required while, under less severe conditions, 2 or even 1 ppm. has 
proved sufficient.’ 


Preventing Dissolved Iron Precipitation 


The action of Calgon on iron in solution is akin to that with 
calcium carbonate. Precipitation is prevented, thus eliminating 
“red water.” In order to obtain this action, it is necessary to add 


_[*A summarial statement prepared for the Reference and Data 
Section of “Water Works and Sewerage” by Mr. Rice at our re- 
quest.—The Editors.] 


CALGON TREATMENT* 


As Applied in Water Quality Control for the 
Solution of Four Problems 


By OWEN RICE 
Calgon Inc., Pittsburgh, Pa. 





the Calgon before the iron has had any chance to come into 
contact with the air. Therefore, in the case of well water sup- 
plies it is always best to add the Calgon at the suction side of 
the pump. 

The addition of Calgon in a ratio of 2 ppm. of Calgon for 
each ppm. of dissolved iron is sufficient to hold the iron in solu- 
tion even when the water is later aerated or chlorinated.* 


Corrosion Control with Metaphosphate 


Metallic iron when exposed to water dissolves to a consider- 
able extent. Any method of corrosion control depends, therefore, 
on the formation of an insoluble coating on the surface of the 
metal. 

As mentioned above, Calgon has the ability to coat out on 
metal or metal oxide surfaces. As the metaphosphate is adsorbed 
on the iron surfaces of the mains in a distribution system, it 
forms an iron phosphate film which effectively seals the metal 
from the water. This film is formed at all pH values above 5.0 
so that when using Calgon it is not necessary to add any addi- 
tional chemicals to change the pH. Also since the film is formed 
by adsorption and not precipitation, the coating is formed 
throughout the entire system and not just near the plant. 

The addition of Calgon in decreasing corrosion is in no way 
due to reaction with the water. The water simply acts as a car- 
rier to bring the Calgon in contact with the metal or oxide sur- 
face upon which it is adsorbed. Since it is the adsorption of 
the metaphosphate on the surface of the metal which prevents 
corrosion, the necessity of supplying sufficient Calgon to meet 
the requirements of the system is obvious.. This can be done 
either by using a relatively high concentration of Calgon in a 
small quantity of water or lower concentrations in larger quan- 
tities of water. This latter condition is the one which exists in 
all but the smallest municipal water systems. 

In cases where corrosion is severe, it has been found that 
high initial feeds of Calgon—5 to 10 ppm.—are very helpful in 
more promptly forming the protective coating in the system. 
After equilibrium has been reached and the protective coating 
has been formed, the Calgon can usually be reduced to very small 
amounts, 1 to 2 ppm., and still be sufficient to maintain the pro- 
tective coating initially formed.‘ 


Summary 


Calgon is easily dissolved and fed by any liquid feeding de- 
vice. It is inexpensive because of the small quantities required 
and is easy to control. It has proven entirely successful when 
used in each of the above mentioned applications. Excellent re- 
sults have been obtained in preventing the after-precipitation of 
CaCOs from lime or lime-soda softened water. Hot water heat- 
ers are being kept free from scale when hard high bicarbonate 
waters are used. Dissolved iron has been kept in solution, and 
the film of metaphosphate formed on the metal surfaces in the 
system has successfully prevented corrosion and all at concen- 
trations of only a few ppm. 
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[X MOST states the department of health requires that month- 

ly records of operating and analytical data be forwarded to 
the state office and forms are provided for that purpose. In 
cases where such forms are not provided or where the individual 
operator desires to keep his own record it may be desirable for 
the operator to develop a form. Herewith as a guide are three 
— of forms used by three different state departments of 
ealth. 

Concerning the need for and use of operating logs of this type, 
Charles R. Cox, Chief, Bureau of Water Supply, Division of 
Sanitation, N. Y. State Dept. of Health, says, “One is likely to 
neglect the maintenance of records unless their true significance 
is realized. Actually they represent a summary of work accom- 
plished and of results secured, and, therefore, serve as a guide 
to future action as well as a proof as to the quality of water 
delivered in the past. Such records also furnish local and state 
departments of health with a summary of prevailing conditions 
for their guidance in the general supervision of public water 
supplies insofar as the health of the consumers is concerned. 

“Actual experience has indicated that well maintained and com- 
plete records have enabled water supply officials to demonstrate 
to epidemiologists studying an outbreak of disease, which is 
suspected to be water-borne, that the operation of their plant 
was satisfactory and that water of safe sanitary quality was 
delivered during the period of onset of the disease. In the 
absence of such complete records, the scattered distribution of 
cases might implicate the water supply as being the obvious 
factor in that it is usually common to all of the cases. The 
importance of the situation is that evidence could not be confuted 
in the absence of records as proof of the satisfactory quality of 
the water delivered during the critical period in the past. Note 
the significance of the phrase ‘in the past,’ because no amount of 
analytical work during an epidemiological investigation can dis- 
close the quality of water long since consumed in the municipal- 
ity before the onset of the epidemic. 


The Chief Value of Log Keeping and Records 


“This more obvious value of records of past accomplishment, 
however, should not submerge the chief value of appropriate 
records for the guidance of the operators themselves. The mere 
recording of summarized information by an operator results in 
his own appraisal of his work, which otherwise might not be 
considered in such an abstract manner, and the maintenance of 
records encourages keener observation of operating conditions, 
frequently resulting in economies along with improved results. 
Records would be of limited value unless they are used as a 
basis of judgment and to stimulate keener observation. For 
example, the mere recording of water temperature in and of 
itself is of little value, but if the operator knows from past 
records that when water temperatures are below, say, 39° F., the 


To New York State Department of Health: 



























































OPERATING LOGS FOR SMALL WATER PLANTS 








coagulation basins, thus leading to short circuiting and agitat} 
of previously deposited sludge, the temperature observation be. 
comes of paramount importance. In the same way prey; 
temperature observations may indicate proper coagulation opera. 
tions technique, or cold weather modifications in filter wash; 
technique. These record blanks are not merely a collection of 
figures but are summaries of observations which are definite 
related to experience and thus serve as guides to future action, 

“The basic characteristic of the typical record blank should be 
the provision for recording three groups of observations: fir 
plant operating details; secondly, doses of various chemicals used, 
and thirdly, results of tests as to the character of the wate 
being treated and of the final effluent produced. 


entering water tends to stratify and flow along the bottom of 


Value of Operator's Diary 


“The monthly record blank should be supplemented by a diary 
and the conventional bookkeeping records as to expenses incurred 
in the operation of a treatment plant. A simple diary is of 
fundamental value for recording intangible and frequently highly 
personal items which may be so obvious at the time that their 
future value may be overlooked. Such information, however, js 
soon forgotten or becomes sufficiently vague to be of little valye 
unless brief informal notes can be consulted. Diary records are 
of special value when they indicate procedures followed in solving 
unusual problems. 

“In summary, a habit of mind should be cultivated of viewing 
the readings of meters, gauges and other instruments and also 
the results of laboratory tests as visible evidence of what other. 
wise is not apparent to the operator and for such observations 
to be recorded for convenience in appraising their joint sig- 
nificance and to serve as a guide for the future.” 


Patterns of Record and Log Forms 


The New York State form is made to fold in the middle to 
produce a file size of 8% by 11 inches. In Fig. 1 is shown half 
of this form covering mainly plant operating data, chemicals 
used, and some analytical results. The other half of the form 
(which we regret could not be reproduced because of space 
limits) contains columns for recording pH, total bacteria and 
coliform bacteria in the raw, filtered and chlorinated water. ‘On 
the back of the form are spaces for additional analytical data 
collected during the month to show the character of water de- 
livered to the consumer or to give more information concerning 
uuusuai conditions at the plant. Items included are turbidity, 
color, odor, hardness, alkalinity, iron, manganese, chlorides, resi- 
dual chlorine, dissolved oxygen, and oxygen consumed. 

Fig. 2 shows a similar form used in the state of Ohio. This 
form contains more analytical data and fewer entries of plant 
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Fig. 1. First Half of Monthly Operating Log and Report Sheet of the New York State Health Dept. (This half contains all 
data on plant operation and chemicals used, etc. Elsewhere in the form are columns for pH and total and coliform bacteria 
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raw, filtered and chlorinated water.) 
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Fig. 2. Form of the Ohio Dept. of Health for Water Plants. (Showing operating data, chemicals used, and analytical results.) 


operating data and chemicals used. This form is augmented by 
a second, on which is entered all of the bacteriological test data. 
The Ohio Department of Health also has a third form used only 
for zeolite water softening plants. The general idea of this 
latter form is a combination of the other two with only columns 
pertinent to water softening included. 


Concerning these forms, Thomas R. Lathrop, Assistant Engi- 
neer of the Ohio State Department of Health, writes, “Some of 
the larger plants keep more complete data on operation in their 
own files. For smaller plants, however, the data covered by 
these forms are sufficiently comprehensive. Sometimes it is 
necessary to change column headings to fit special conditions. All 
forms are 8% by 11 inches, which is good filing size. Operating 
log forms are not a fixed standard and often find need of revision 
at intervals, perhaps to add a new test or delete an old one. 
Climatological and water temperature data should be included 
at every plant. Not many plants use all of the columns provided 
on the Ohio forms, and hence by change of heading may add 
some test or observation not included.” 


Fig. 3 shows a typical bacteriological data log and report sheet 
as used by the Illinois Department of Health. In addition to 
this form there are three other forms of the same size (9% by 
14% inches), and these forms record data similar to that given 
in Figs. 1 and 2 (the New York and Ohio forms). 


About these Illinois forms, William J. Downer, Acting Chief 
Sanitary Engineer of the Illinois State Department of Health, 
writes, “The form containing the plant operating, chemical op- 
erating and analytical data is used for surface water supplies 


having conventional treatment and for lime-soda water softening 
regardless of whether a ground or a surface supply. Another 
similar form, with slightly different entries, is used for ground 
water supplies when iron removal, zeolite softening or a com- 
bination of the two is involved. Another form records informa- 
tion on well supply plants that have no treatment but chlorina- 
tion. It was designed chiefly for use in state institutions but has 
found favor in several public water supply plants. On it are 
recorded hourly residual chlorine determinations daily, weight 
of chlorine cylinder, and amount of chlorine used each day as 
well as volume of water treated each day.” 


In General 


In the preparation of any form, certain ideas and factors 
should be borne in mind. Size of sheet and ease of filing for 
ready reference, columnar headings only for items requiring 
regular entry, provision of an extra blank column or two for 
miscellaneous data or results, and a column for remarks. (The 
latter were trimmed out in the accompanying cuts in order to pre- 
clude too great a reduction and to conserve space.) Provisions 
for all data and entries which may properly be included under 
the three categories of data, set up above, should be made. The 
columnar headings should be self-explanatory and separated by 
vertical lines of varying weight to segregate related data into 
sections. Other general ideas expressed by A. A. Hirsch on 
a log for a sewage plant, which appeared in the January, 
1943, issue of WATER WorKS AND SEWERAGE, have been adapted 
to forms for a small water plant, and appeared in the November, 
1943, issue of WATER WorKS AND SEWERAGE. 


To: DIVISION OF SANITARY ENGINEERING, STATE DEPARTMENT OF PUBLIC HEALTH, SPRINGFIELD, ILLINOIS. 
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Fig. 3. Form of the Illinois Dept. of Health for Recording and Reporting Bacteriological Results. (Other Illinois forms are 


similar to those of New Y ork and Ohio.) 
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CHECKING CHART FOR DRY CHEMICAL FEEDERS 


By A. A. HIRSCH* 
State Department of Education 















































grams per minute to enable weighing a timed discharge to check 
the feeder setting, and in pounds per hour to figure quickly 
the quantity needed in the hopper for each expected hour of 
operation. Chlorine dosage may be read knowing the change in 
platform scale readings per hour and the flow. 

Parallel scales along each axis allow rapid conversion from one 
system of expression to another. On the vertical axis grains per 
gallon, parts per million and pounds per million gallons are 
quickly related by scanning directly across the scales. Gallons 
per minute and million gallons per day are similarly converted 
along the horizontal scale. In the plot grams per minute and 
pounds per hour are interchangeable across the diagonal scales. 
Pounds per hour is more logical from an operator’s viewpoint 
than pounds per day. Many small plants operate only part of 
a day, or have a limited number of pumping steps, in which case 
pounds per day is merely a bookkeeping quantity. 
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The chart shown herewith offers a convenient means to check A wide range in coverage is provided by the logarithmic dive 
on the delivery of dry feed machines when the pumpage rate sions. High values not included on the chart may be read 
and the desired dosage is known. Rate of feed is expressed in using a tenth or hundredth of the quantity and applying the 


corresponding multiplier to the reading. 

Example. How many grams per minute must be discharged 
from a dry feeder to give a 2 grain per gallon dosage while opef 
ating a 300 gallon per minute system? 

Solution. Find the point where the 2 grain per gallon line and 
the 300 gallon per minute vertical intersect. This point lies be- 
tween the 35 and 40 gram per minute diagonals at about # 
grams per minute. By projecting this value across the diagonal 
scales the hourly chemical consumption of 5.0 pounds is read. 

When the answer falls in the area occupied by pounds per hour 
diagonals readings are converted to grams per minute by project- | 
ing in the same manner across the oblique scale. . 

When a metric scale is unavailable grams per minute may be Fr 
obtained directly by catching the dry feeder discharge for 170 
seconds and multiplying the weight in ounces by 10. 

*Director, Sectional School on Water Supply and Sewerage. 
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EXAMINING 100 ML. PORTIONS OF WATER 


A Simplified Method Involving Inexpensive Equipment 


By H. W. POSTON 


Asst. Water Works Supt., Ottumwa, La. 


HERE has been much comment on the planting of 100 ml. 
portions in bacteriological examinations of water samples. 


At Ottumwa we have developed and used for over one year 
a procedure which may be of interest to readers of Water Works 
& Sewerage. The procedure has proved quite satisfactory and 
saved much time as well as given what we believe to be a more 
complete knowledge of the quality of the water. 


One hundred ml. portions are planted only on water leaving 
the plant. Confirmations on presumptive tubes are made with 
brilliant green bile. Five one-hundred ml. portions are collected 
each day, one being taken every two hours during the day. 


The procedure of sampling and preparation of the samples 
before incubation is shown in the photographic series accom- 
panying this article. 


Procedure 


1. A sterile 8-oz. bottle with inverted fermentation tube (pre- 
war aluminum caps are used to eliminate corrosion during 
sterilization). 

2. Collection of 100-ml. portion in the sterile bottle (bottle 
has 100-ml. and 135-ml. marks). 


3. Sterile quadruple strength broth and 100 ml. sample. 


4. Adding 35 to 40 ml. quadruple strength broth. 
5. Inverting to fill fermentation tube. 
6. Sample ready for incubation. 


The above procedure eliminates the need for (a) transfer of 
the 100 ml. portion from a sample bottle to the fermentation 
vessel; (b) sterile pipettes; (c) sterile sample bottles, and (d) 
dechlorination of sample—the latter being accomplished with 
the culture broth. 





Sampling and Enrichment of 100 ml. Portions of Water 

From left to right, top and then bottom strip, the six steps are described under “Procedure.” Note the 100 ml. mark and the 135 
ml. mark on the sampling and incubation bottle. No measuring cylinders or pipettes are used in measuring the sample or adding 
the broth. 
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IONIC EQUILIBRIUM IN WATER 


By H. M. GIFFT 
Assoc. Prof. San. Engr., Cornell Uniwersity, Ithaca, N. Y. 


ARIOUS investigators have called attention to the fact that 
the method for calculating the three forms of alkalinity ac- 
cording to “standard methods” is incorrect. De Martini’ presented 
equations for calculating free carbon dioxide and hydroxide, 
carbonate and bicarbonate alkalinities in terms of total alkalinity 
and pH. Moore’ converted these equations to ppm. of free CO, 
and of equivalent CaCQs and presented them as four graphs. Dye’ 
constructed four nomographic charts, and the 1942 Public Health 
Service Standards included a triangular coordinate diagram, both 
based on Moore’s equations. As pointed out by Moore’, the 
graphs were applicable at 25° C., pH values below 10.0, and 
total solids content less than 500 ppm. Above these values direct 
solution of the equations* was suggested. 
Inasmuch as most waters have pH values of less than 8, the 
(OH—) and (CO;*) contents are insignificant and, to all prac- 
tical purposes, the (HCOs;s—) content is equal to the total 


alkalinity. It is only for waters of high pH, and often of high 
alkalinities and total solids content, that determinations of 
(OH—) and (CO;s*) are of importance. Therefore, these 


methods which are applicable only within certain ranges are of 
limited use. 


New Equations 


It is possible, however, to evolve three equations which are 

‘ , — 2 
more easily solved than are those of Moore’. Further, by a 
proper construction of scales, these equations can be combined 
into one simple chart which yields results directly and without 
interpolation for any alkalinity content or pH. 
From familiar equilibrium equations we have 


[H+] X [COs] 


from which we obtain 











[OH-] X [HCOs-] K’'w 
[co] = ky PO ee ee ee Eq. (3) 
‘je aa... E 
(COs) ae SPes ter tanenrreetaenes q. (a) 


where (OH—), (HCO;—), and (COs*) represent concentrations 
in terms of ppm. as CaCQOs. 


Also 


(OH-) + (COs=) + (HCOs-) = Total alkalinity ............. Eq. (4) 


The three forms of alkalinities may be determined by first 
solving Eq. (2a) for (OH—) and then solving Eq. (3a) and 
(4) simultaneously for (COs=) and (HCO;s—). Tables I, II, and 
III include the most recent data on equilibrium constants as 
reviewed by Larson and Buswell*. 


Simple Nomograph 


The exact numerical solution of these equations is rather cum- 
bersome and beyond the accuracy ordinarily required. For these 
reasons the construction of a simple chart applicable to waters 
ordinarily encountered has been undertaken. In designing the 
chart the following simplifying assumptions seemed justified, 

As most laboratories are equipped to make pH measurements 
at 25° C. or room temperature only, the temperature effect might 
logically be eliminated. On the other hand, as the value of K’, 
and K,.’ are influenced by the solids content of the water, a 






























































cere St Wl voccenccresceunscinccveveresesseosesss Eq. (1) 2 u . 0 . 
[HCOs-] correction for this variation was considered necessary. 
ee re re Ee. i nbc cchcwdsebae as seocenp hanasu Eq. (2) According to Larson and Buswell K'w/K’s varies 26 per cent 
oF low (OH-) = pH — pll’w + 6.70... csc cssccccccccccccccces Eq. (2a) between 0 and 1000 ppm. which is equivalent to a pH variation 
TABLE I 
pK’. and K’. x 10” for Different Temperatures and Total Solids Content 
(from Larson and Buswell)“ 
pK’'w Temperature—°C 
K’w X 10% 0 10 20 25 30 40 50 60 70* 80* 
ff - 14.94 14.53 14.17 14.00 13.84 13.53 12.26 13.02 12.81 12.63 
0 we ane om a a= wean tone ome ome: om 
0.12 0.30 0.68 1.008 1.46 2.92 5.47 9.64 15.50 23.50 
SS ie 14.88 14.47 14.11 13.94 13.78 13.47 13.20 12.96 12.75 12.57 
S 200 —_ — ~ — — — — one — _ 
> 0.13 0.34 0.78 1.15 1.66 3.39 6.32 10.96 17.80 26.90 
3 14.85 14.44 14.08 13.91 13.75 13.41 13.17 12.93 12.72 12.54 
z 400 = _ _ — — — — — — - 
S 0.14 0.36 0.83 1.23 1.78 3.63 6.76 11.75 19.1 28.8 
a 14.83 14.42 14.06 13.89 13.73 13.42 13.15 12.91 12.70 12.52 
s 600 one _ = =_ — = one on aa =_ 
& 0.15 0.38 0.87 1.29 1.86 3.80 7.09 12.30 20.0 30.2 
14.82 14.41 14.05 13.88 13.72 13.41 13.14 12.90 12.69 12.51 
800 — — _ _ -- _ — — ~~ — 
0.15 0.39 0.89 1.32 1.91 3.89 7.25 12.60 20.4 30.9 
*Values for 70° and 80° extrapolated. 
—— of +0.06 or a temperature variation of +2.5° C. (The con- 
Alk 10-** stants used by Moore vary only + 0.02 and +0.6° C.,, respec- 
5.61 10-* [59000 ~~ THe} tively.) K’w varies 27 per cent over the same range which is 
*(CO;*)as ppm. CaCO: = m i123 < 10-2 also equivalent to a pH variation of + 0.06 or +18° C. _ 
-_—s —_—_—_—_—_— Because of these small variations and because of the inac- 
[H+] curacies inherent in the pH and alkalinity measurements and in 
Alk 10-14 the determination of the equilibrium constants themselves, the 
H+] — empirical assumption that the total solids content is twice the 
(HCO,-) as ppm. CaCOs = 500004 52000 fF) total alkalinity was considered satisfactory for the construction 
‘ 11.22 X 10 of the alinement chart in Fig. 1. ; J 
wf [H+] According to MacInnes and Belchar® K’, varies only approxi- 
mately 1 per cent up to 1000 ppm. total solids. Therefore, using 
OH-) as CaCO, = 5 X 10-9 K’,= 4.54 x 10— at 25° C. and converting to ppm., equation 
( ) 28 OPE. CN = (H+) ~ (7) becomes 
10-14 ppm. CO: = 1.94 X 10° X [H+] K (H COsg-) .... 0... e ee ee wees Eq. (8) 
: + [H*] — The free CO: scale in Fig. 1 was constructed from this equation. 
CO: as ppm. = 9.70 « 10% x p+} | 22000 - = Knowing the total alkalinity and pH of a solution (at 25° C.) 
11.22 X 10 it is a relatively simple matter to determine the three forms of 
[H+] alkalinity and free CO: by means of the alinement chart. The 
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TABLE II 


pK’, and K’s X 10" for Different Temperatures and Total Solids Content 
(from Larson and Buswell)“ 





Temperature—°C 


























i 0 10 20 25 30 40 50 = _ 60° ___— > - 
——_— 10.63 10.49 10.38 10.33 10.29 10.22 10.17 10.14 10.13 10.12 
. 2.36 3.24 4.20 4.69 5.13 6.03 6.73 7.20 7.51 7.55 

mr he 10.50 1036 102 £1020 421016 ° «51009 1004 #41001 «+1000 9.99 
A ” 3.16 4.36 5.62 6.30 6.91 8.12 9.11 9.75 10.00 10.23 
| x 10.46 10.32 10.21. 10.16 1012 10.05 ~ 10.00 9597 9.96 9.95 
2 4 40 3.46 4.78 6.16 6.90 7.59 8.90 10.00 10.70 10.95 11.22 
10.42 10.29 «10.18 10.13 10.09 10.02 9.97 9.94 9.93. 9.92 
3 - 3.72 5.12 6.60 7.40 8.12 9.55 10.70 11.47 11.75 12.02 
: 10.40 10.26 10.15 ‘10.10 ~=~——*10.06 999 «9 091 9.90 ~ 9.89 
[7 3.98 5.50 7.08 7.90 8.70 19.23 4 12.20 12.58 1.8 


\ 


11.47 





~~ sValues for 60°, 70° and 80° extrapolated by Larson and Buswell. 


value of (OH—) is obtained directly from the observed pH. 
The values for (COs*) and (HCQOs—) are obtained by pivoting 
a straight edge until (COs*) + (HCOs—) = Total Alkalinity — 
(OH—). Both the necessary mental arithmetic and the location 
of the proper line are easily accomplished. 


Example 

Two examples of the use of the chart follow: 

I. Analysis: Alkalinity 100 ppm. as CaCOs. pH = 10.0. 

Solution: pH of 10.0 corresponds to 5.5 ppm. on the (OH—) 
scale. Pivoting a straight edge about this point until (H CO:;—) 
+(COs*) equals 100—5.5 = 94.5, we find (COs=) = 52 ppm. 
and (HCO;—) = 42.5 ppm. Of course, the COs content is in- 
significant in this pH range. 

II. Analysis: Alkalinity 180 ppm. as CaCOs. pH = 6.9. 

Solution: It is easily seen that both (OH—) and (COs*) 
values are not significant, thus making the (HCOs—) content 
practically equal to the total alkalinity. A straight edge lined 
between (H CO;—) = 180 and pH = 6.9 indicates free CO, 
= 42 ppm. 


Calcium Carbonate Saturation 


Langelier® made use of these fundamental equations, along with 
the solubility product for CaCOs, to derive an equation express- 
ing the theoretical pH of a water at CaCOs saturation in terms 
of the total alkalinity and actual calcium content. He emphasized 
the fact that the “Standard Methods” procedure for determining 
the amount of (OH—) and (H COs;*) was in error under certain 
conditions. In all probability it was for this reason that the 
final equation was expressed in such a complicated form.* 
Larson and Buswell* proposed a variation of this equation which 


included correction factors for solids and temperature. The 
equation was limited to waters of pH below 10.0. 
With satisfactory methods for the determination of the 


(HCO;—) alkalinity, it is possible to derive a simple expression 


for the pH at CaCOs saturation which is applicable throughout 
the pH range. By using the corrected values for the equilibrium 
constants for different temperatures and solids content, the 
method is further simplified. Combining the equilibrium equa- 
tions 





Pen 20 BAe OE BO niente bkbseeesueneeeseeekbeeeeeseeoees Eq. (9) 
[H+] X [COs=] 
and — nema 2 OE TERE ren ee te Eq. (2) 
[HCO:-] 
we obtain [H*] = az X [Cat+] X (EE COnnJ... wcccccsccceces Eq. (10) 
s 
or pHs —pK’: — pK’s + pCa + p(H COs-) + 9.30......... Eq. (10a) 


This equation is similar to the equation pH, = pK’s — pK’, 
+ pCa + p Alk. as given by Langelier® for pH, below 9.5. 
Hoover’s’ chart apparently was based on this approximate equa- 
tion since he also limited its use to waters of pH less than 9.5. 
If the determination of bicarbonate alkalinity is used instead of 
total alkalinity, Hoover’s chart should not be limited to this 
range. 

Although the theoretical pHs is an indication of the direction 
for adjustment of pH, it has no direct significance in itself. It 
is the Saturation Index, or pH — pHs, which provides the 
measure of the stability of the water. With a satisfactory 
determination of (CO;*) alkalinity, the calculations of this Satu- 
ration Index I, is even further simplified. It can be seen from 
equation (9) that for stability there is a definite relationship 
between the (Cat*+) and (COs) contents of a water. 

In other words, too great a concentration of either of these 
ions would indicate a tendency for the precipitation of CaCOs. 
On the other hand, a deficiency of either of these ions would 
indicate an excess of carbonic acid. For the water to become 
stable in a cast iron water main the Fe from the pipe would 
have to replace the hydrogen in the carbonic acid in order to 
release the required amount of (CO;") for equilibrium. 





2K’: 
+ log (: + — ) 


Equation (9) may be written as 
(Catt) X (COs*) 


— Squilibrium Ratio ....... .Eq. (11) 
4 xX 10° X K’s 





(Hs] 


TABLE III 


pK’, and K’, x 10° for Different Temperatures and Total Solids Content 
(from Larson and Buswell) “ 












































pK’s Temperature—°C 
K’s X 10° 0 10 20 25 30 40* 50* 60* 70* ~ 80" 
‘a + > 8.02 . 8.15 — 8.28 8.34 8.39 8.51 : 8.62 —_ 8.74 8.86 “5 8.97 
9.50 7.07 5.25 4.57 4.03 3.06 2.37 1.83 1.38 1.06 
gd}  _ a 8.06 8.12 8.17 8.29 $40 852 864 875 
a 15.85 11.75 8.70 7.56 6.75 5.13 3.98 3.02 2.29 1.78 
3 nr ee 7.99 8.05 8.10 8.22 _— a 1 8.57 «8.68 
| ae 18.62 13.8 10.25 8.90 7.95 6.02 4.68 3.54 2.69 2.09 
3| ti‘ ;é;COTC!O!}!}!}€U8!!!~*«SC« 8.01 8.06 8.18 8.29 841 853 8.64 
Ps | eos 20.4 15.15 11.2 9.75 8.70 6.60 5.12 3.89 2.95 2.29 
~~ 7.66 7.79 7.92 7.98 8.03 8.15 8.26 8.38 8.50 8.61 
ati 21.9 16.2 12.0 10.45 9.32 7.08 5.50 4.17 3.16 2.46 





*Values for 40° and above extrapolated by Larson and Buswell. 
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or as 
——— — Equilibrium Ratio (at 25°C)........... Eq. (lla) 
30.24 

(Ca**) and (COs*) represent actual concentration in terms of 
calcium and CaCOs respectively. A ratio greater than one would 
indicate scale formation and a ratio less than one would indi- 
cate a corrosive water. 

To conform to Langelier's Index equation (11) may also be 
written as 
[= pK’s — 9.60 + log (Catt) + log (CO3=).....eceeeeeeees Eq. (11b) 
where a positive I indicates scale formation and a negative value 
for I indicates corrosiveness. 


Summary 

Simplified formulas have been presented for the calculation of 
free COs, carbonate, bicarbonate and hydroxide alkalinities from 
total alkalinity and pH measurements. The method is not limited 
to any range of alkalinities, total solids content, pH or tempera- 
ture. A single alinement chart is presented which allows the 
determination of the three forms of alkalinity at 25° C. without 
the cumbersome solution of the simultaneous equations. Simpli- 
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fications have also been made in the CaCOs equilibrium concept 
by considering the direct relationship between the actual calcium 
and carbonate alkalinity concentrations. Application of the neces- 
sary corrections for solids content and temperature to the equili- 
brium constants rather than to the Saturation Index results in 
a simplified and more convenient expression for the latter. 
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KEEPING FILTERS CLEAN WITH CHLORINE 


By H. W. POSTON 


Asst. Supt., Dept. of Water and Electricity 
Ottumwa, Iowa 


HERE has been considerable writing about mud-balls, filter 

cracks, and incrustation of sand in rapid gravity sand filters. 
Surface wash and high rate wash have been developed. Chemical 
means for cleaning filter sand include acid, alkali or sulphur 
dioxide treatment. These methods have all been used for the 
purpose of keeping foreign material from accumulating on the 
sand grains and remaining in the filters. 

The Ottumwa water supply, taken from the Des Moines River, 
is treated with chlorine, lime, soda ash, iron sulphate, and carbon 
dioxide prior to filtration. The settled water going to the filters 
has a turbidity of between 2 and 10 ppm., most of which is due 
to the precipitation of calcium carbonate in connection with the 
softening process. The alkalinity of the applied water is between 
30 and 60 ppm., with 10 to 30 ppm. being in the normal carbonate 
form. During the past two years the pH of the filtered water 
has been maintained near pH 9.0. 

An effective, simple and inexpensive procedure for elimination 
of foreign material from the filters by means of chlorine appli- 
cation has been developed at the Ottumwa Water Works. A 
strong solution of chlorine is applied regularly at times when 
the filters are washed. It is allowed to remain in the filter for 
a period of approximately twelve hours. (Plant is operated 
twelve hours per day.) The chlorine solution, when allowed to 
remain in the filter, dissolves deposits on the sand, kills any 
bacteria in the filter, and in general keeps the filter free from 
ioreign material which might cause cracks and mud-balls. 


This system for keeping the filters clean has been used for 
the past six to seven years. No trouble has been experienced 
with mud-balls, filter cracks, or incrustation of the filter sand 
during this time. The ease of application of this treatment and 
its economy not only in operation, but also installation, make it 
a most excellent method for keeping filters clean. 


Procedure 


_For application of chlorine to the filters, which is done each 
time the filters are washed, the raw water chlorinator is used. 
Being situated near the wash water pump, no long solution lines 
are necessary. The only equipment needed was a length of 
— solution hose, corporation cock, and a chlorine solution 

7. 

_A tap was made in the suction pipe to the wash water pump. 
The solution tube along with the corporation cock was installed, 
and connection was made from the chlorinator to the corporation 
cock with the chlorine solution hose. In operation the set-up is 
as shown in the accompanying sketch. 

Our chlorinator has a capacity of 2,100 Ibs. per day. In 
chlorination of the filter it is set to deliver at the rate of 1,100 
lbs. per 24 hours, which will feed about 17 ppm. at maximum 
wash water rate. The gradual reduction of wash water at the 


end of the washing period allows the chlorine concentration to 
be increased to any residual desired. 

During an average filter wash, the chlorine residuals of the 
wash water are as follows: At start, 27 ppm., wash at maximum, 
17 ppm., and at end of wash, 40 ppm. The residual on top of 
the filters is 19 ppm. at the end of the washing period. After 
standing over night the filters will still carry a chlorine residual 
of 13 ppm. 


Results 


Our filters have been in operation since 1933.. The sand has 
never been removed and there is no sign of mud-balls, lime in- 
crustation, or filter cracks. 























© To 
FILTERS 
eee 
CHLORINATOR — 


Chlorinator Hook-up to Filter Wash Line 


During the past year our filters were washed after 108 hours’ 
operation on the average. Each filter is washed between ten and 
twelve minutes. The filter breaks uniformly over the whole bed 
at the start of the back wash. 

There is no evidence to show that the strong chlorine solution 
has caused any deterioration of pump, pipe line, or filter under 
drains. The best reason we have for believing the chlorine has 
had no deleterious effect is its long period of use with no outward 
sign of damage resulting. At Ottumwa, however, we have no 
brass in our under drain system which consists of concrete slab 
false bottoms fed through drilled 8 in. C. I. pipes beneath the 
distribution slabs. 
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PITTSBURGH PLATE GLASS COMPANY 


COLUMBIA CHEMICAL DIVISION 
GRANT BUILDING ¢ PITTSBURGH 19, PA. 


Chicago * Boston ¢ St. Louis © Pittsburgh ¢ New York © Cincinnati ¢ Cleveland ¢ Philadelphia « Minneapolis ¢ Charlotte ¢ Los Angel i 
es 


LIQUID CHLORINE 


COLUMBIA... CHEMICALS 
PITISEVURON PLATE GLASS COMPANY 
PR ER TON LIOUN 


— NV ma WV, y N 
+ jouw —_ Art er CHEAICAIS Vie é, a” a” m 
' HLORINE 


SS ppc 





Shipping Units: 

30-ton single unit cars 

16-ton single unit cars 

15-ton multiple unit cars 

150 Ib. and 100 |b. cylinders 
Manufactured in modern plants and shipped in 
containers which provide every safeguard, 
Columbia Liquid Chlorine meets the exacting 
needs of its users. 
All containers conform to Interstate Commerce 
Commission standards and the recommenda- 
tions of The Chlorine Institute. Columbia cyl- 
inders incorporate the latest improvements in 
design and construction and afford substantial 
savings in shipping weights. The 100 Ib. cylin- 
ders are seventeen pounds and the 150 Ib. cylin- 
ders twenty-nine pounds lighter, respectively, 
than commonly used types. 


Containers are subject to rigid inspection and 
are at all times maintained in first class 
condition. 


LIGHT SODA ASH 


Shipping Units: 
Bulk and 100 Ib. Paper Bags 


Tests g9-100% actual Sodium Carbonate 
(NazCOs), equivalent to 58% plus NazO. One 
of the original Columbia products, Columbia 


Soda Ash has remarkable free-flowing: prop- 
erties, rapid solubility, and is noted for the ab- 
sence of impurities. It is, therefore, highly de- 
sirable for use in water treatment. 


For special uses, Columbia also produces a 
Dense Soda Ash. 


OTHER COLUMBIA CHEMICALS 


CAUSTIC SODA— 


_iquid—Solid—Flake. 





CALCIUM CHLORIDE— 


77-80% Flake. 


SODIUM BICARBONATE— 


U.S.P.—Technical—Granular. 





MODIFIED SODAS— 
Mild Detergents. 


Detailed Information or Technical Assistance Available on Request to Our Pittsburgh Office 
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SOME PRACTICAL ASPECTS OF HANDLING CHLORINE 


’ ” By CHRIS F. BBNGHAM* 
Columbia Alkali Corporation, Philadelphia, Pa. 


HERE appeared in the September, 1935, issue of the Journal 
Te the American Water Works Association a valuable report, 
dealing with chlorine, by the Committee on Chemical Hazards in 
Water Works. This paper is intended to record various prac- 
tical experiences in chlorine handling and opinions that in their 
nature had no place in the above committee report. However, 
e writer will quote freely from the report, where deemed ad- 


th , 
interested procure a copy 


visable, and recommends that those 
of the journal contaming 1t 


Properties of Chlorine 


Chlorine gas is approximately two and one-half times as heavy 
as air at normal temperature and pressure, and hence, leaking 
chlorine, tends to settle and collect in low places and on the 
floor of an enclosed room. 


Chlorine is neither flammable nor explosive. The dry gas does 
not attack iron, copper, or lead at ordinary room temperature. 
However, in the presence of moisture it is very corrosive and 
combines readily with most metals except those classed as the 
“noble” metals and special alloys. It is important to note that 
even the dry gas becomes very corrosive at temperatures above 
300 degrees F. and is likely to become so at temperatures as 
low as 195 deg. F. 


Chlorine Lines 


Rubber and the noble metals are sufficiently resistant to the 
action of wet chlorine to be satisfactory material to handle 
either the moist gas or water solutions. Liquid chlorine in 
itself cannot, however, be used with hard rubber. During the 
last year and a half plant tests have been made in Richmond to 
determine the resistance of asbestos-cement pipe to chlorine so- 
lutions. As a result, the prechlorination and copperas-chlorine 
solution systems have been rebuilt using two and one-half inch 
“Transite’” Class “B” pipe and Class “S” elbows. So far, this 
installation has given excellent service, the only difficulty en- 
countered was due to its brittleness and the lack of sufficient 
mechanical support—a few sections of the pipe being broken by 
strains before adequately supported. The chlorine solution seems 
to “wet” the inside of the pipe to a depth of % to 3/16-inch 
and then stop, no further change was noted in the experimental 
installation or in the new permanent installation after two months 
of heavy use. 

Extra heavy iron pipe with wrought iron fittings and litharged 
joints should be used for the chlorine pressure lines. Litharge 
that has been opened for some time seems to form a carbonate 
coating on the particles which result in a never-hardening and 
oily joint compound which will allow the joint to leak probably. 
Only new litharge is recommended. Care taken in the correct 
installation of pressure feed lines is a thousand fold repaid. 
Ammonia valves (of steel) have been used in the chlorine pres- 
sure lines at Richmond with satisfactory results, but where 
possible the standard Chlorine Institute ton container valve has 
been used because of its convenience, economy and superior con- 
struction. Iy general chlorine needle valves should have either 
Hastelloy “C” or Monel Metal stems, and joint valve bodies may 
be constructed of steel, brass or Hastelloy “C.” 


Soft copper tubing connections (cadium plated) are used in 
connecting the one-ton chlorine containers to the piping system. 
We specify that a small wrench “hold” be milled on the bushing 
on the tubing, to allow holding the tube at the joint during 
tightening of the coupling. This, to prevent wringing off the 
tube at that point. The tubing becomes quite hard and rigid 
alter continued service, but its ductility may be renewed by 
heating slowly to a dull red-heat and quenching in water—the 
customary method of copper softening. 


Hard drawn copper fittings and pipe of the “Streamline” type 
also have been used with essentially purc silver as the solder in- 
stead of the regular solder, furnished for such pipe, which 
chlorine attacks. A silver coin will serve as satisfactory solder. 
High copper content brass fittings have been used with this type 
of pipe also and seem to work entirely satisfactorily. 

*Plant Supt., Div. of Filtration, Dept. Public Utilities, 
mond, Va., at time of preparation of this article. 


Rich- 


Avoiding Condensation Troubles 


The gas feed lines should, if possible, always be warmer than 
the chlorine containers to avoid condensation (reliquefaction of 
chlorine) and consequent problems. These lines should also be 
run on a continuous upgrade from the containers in order that 
the condensed liquid chlorine will flow back to the containers. 
Such theoretical conditions cannot always exist practically and, 
in cases where this is impossible, drip-legs should be provided 
at every low point on the pipe line—especially so near the chlori 
nators. Blow-off cocks or other bleeding arrangements are not 
recommended since they are both dangerous and unnecessary. 
If the drip-legs are so located that the room temperature does 
not keep the condensate vaporizing at a satisfactory rate, addi 
tional heat may be applied by warming with a 100-watt electric 
bulb permanently installed beneath the leg. The size of the leg 
varies with the conditions, but it is recommended to be 1% times 
as large as the volume of the pipe line leading from the chlorine 
container to the leg. 


Chlorine reacts with grease and oil to form voluminous frothy 
substances; with gasoline and other petroleum distillates to form 
solid complex chlorinated hydro-carbons. Alcohol and ether, 
even in traces, are converted to solid waxy hexachloroethane. It 
is important, therefore, that all grease, moisture, etc., should be 
thoroughly removed from chlorine lines during their erection. 
Methane derivatives, chloroform, wood alcohol, and carbon- 




















One of the Reducing Valves (Looking Down) on the Chlorine 
Feed Lines. It Is Located on the Manifold Just Beyond the 
Containers in the Outside Gassing Chamber 
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tetrachloride are the only safe chlorine equipment cleansers to 
employ. 

Whereas, drip legs are very helpful, condensation in chlorine 
lines should be avoided. If the gas leaving the container drops 
only a few degrees in temperature it will condense into a liquid 
only the feed lines and find its way into the chlorinators, with its 
consequent troubles. This condition can best be avoided by re- 
ducing the pressure at the containers to the lowest point per- 
missible for the proper operation of the machines. In fact, if 
the line pressure be kept at 40 pounds per square inch or less no 
condensation can occur in the lines except at extreme cold tem- 
peratures. In Richmond, by keeping the reducing valves (in 
duplicate) set at 35 pounds per square inch, no liquefaction has 
resulted, although the chlorine feed lines are 400 feet long and 
the containers are in compartments outside of the plant which 
get quite warm in summer and also are artificially warmed in 
cold weather—an ideal condition for condensation in the feed 
lines. 

Chlorine, in distilled water, at 49.2 deg. F. will form chloral- 
hydrate, commonly referred to as “chlorine ice.” This condi- 
tion is frequently found in the trays of vacuum type chlorinators 
during cold weather; but may be overcome by placing an electric 
light under the tray of the chlorinator. At the same time, re- 
ducing the water flow through the tray is also helpful. Since the 
solubility curve is a very sharp one a rise of only one or two 
degrees of the water is sufficient to do away with the trouble. 


Container Temperatures and Pressures 


The per cent of container volume occupied by liquid chlorine 
in the containers, when loaded to the limit permitted by the Inter- 
state Commerce Commission regulations, is such that at 153.9 
deg. F. the cylinder becomes completely filled due to the expan- 
sion of the liquid chlorine. Liquids do not have the compressi- 
bility or cushioning effect possessed by gases hence any further 
increase in the temperature will cause enormous pressure in the 
containers. For this reason, fusible plugs are provided which 
are intended to soften at slightly above this temperature and 
thus relieve the dangerous pressure. It is important, therefore, 














Handy Light Weight Safety Truck for Cylinder Handling 
(Courtesy Carl Leipold, Winnetka, Iil.) 
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to keep the cylinders below this temperature regardless of 
amount of chlorine that they may contain. Experience at the 
Richmond plant justifies this wagning. 
There are several practical precautions suggested by the aboy 
facts. Cylinders should never be directly heated by flame pron 
or even electrical means that can exceed 160 deg. F. To avoid 
such hazard, warm air from the building is blown through an 
underground pipe to the containers which are housed in compa 

ments outside of the plant. Secondly, a full cold chlorine 
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The Chlorine Leak Tester 


cylinder has a lower pressure than one at room temperature; 
hence, if they are connected together as on a header, the cold 
cylinder will actually draw in chlorine. If the valve is then 
closed the overload cold cylinder may cause trouble when it 
becomes warm, even to room temperature. Hence, cylinders 
should be brought to about the same temperature before being 
connected together. As another example, the re-loading of con- 
tainers thought to be empty, is absolutely forbidden unless under 
technical supervision. 

If gas is drawn from a container, the pressure within the con- 
tainer will be reduced. If a constant supply of gas at constant 
pressure is to be maintained, then heat must be applied to the 
liquid in the container. The more rapidly the gas is removed, the 
more rapidly heat must enter. This is usually accomplished by 
increasing the room temperature. If instead of adding heat, the 
container is cooled—the pressure falls. This is why a leaking 
cylinder should be cooled as rapidly as possible. Different 
opinions exist as to the maximum rate that gas may be drawn 
from cylinders. Experiments at Richmond have indicated that as 
much as 800 pounds per day may be drawn from the standard 
one ton container, in the summer when indoors, with pressure 
maintained on the gas line at not less than 30 pounds per square 
inch. However, 400 to 450 pounds per day is about the maxi- 
mum successful continuous rate of supply from these containers. 
With the 150 pound cylinder the rate is about 30 pounds per 
day. Increasing the room temperature and providing air circula- 
tion will increase the rate of gassing. Especially so with a full 
cylinder because there is then a large area of the liquid exposed 
to the sides of the warmed cylinder. Adequate air circulation 
is a considerable aid in maintaining sustained gassing rates. 


Handling Containers 


Containers are built of steel and may he safely handled with 
care. Dropping or bumping containers is extremely dangerous, 
and facilities used in handling should be carefully arranged to 
prevent such rough treatment. Hoisting is to be avoided if pos- 
sible. Low, rubber tired trucks are preferable if conditions 
allow. A rubber tired light weight hand-truck for 150 pounds 
cylinders, first used by Carl Liepold at Winnetka, IIL, plant has 
proven both safe and convenient. The overhead monorail sys- 
tem used in Richmond for ton containers, involves the use of a 
lifting hook used to reduce space and suitable for low head oper- 
ation on such a system. Qut of doors storage is provided in 
racks, the enclosed section being the warmed gassing chamber. 
The maximum chlorine temperature yet found in these stored 
containers is 108 deg. F. or a pressure of 160 pounds which is 
amply.safe. In warmer climates it may be well to shield stored 
containers from direct heat of the sun. 

Chlorine may be safely stored indoors. Having the containers 
in operation mounted near the control machine undoubtedly has 
its advantages. In small installations, having in storage or in 
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a few 150 pounds cylinders, this risk is not serious and 
o be recommended, but when larger quantities of 
ssary the advantage of the out of door storage 
chamber, with only the chlorine feed lines and the 
building, is certainly evident. 
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Ventilation Facilities and Leak Handling 


When storage and operating containers are indoors adequate 
and reliable ventilation is essential. Exhaust air ducts draining 
air from the room should intake at the floor level and a fan forc- 
ing air into the room should drive the chlorine atmosphere 
directly out of the building. ‘Where steam is available, a suitably 
designed ejector system, with discharge to a sewer or stack, is 

rhaps the best disposition of the escaped chlorine. 

The use of neutralization tanks containing caustic, or attempt- 
ing to stop a leak by spraying water or :he leak, or cooling with 
ice and salt, while theoreticaily correct are »f doubtful practical 
yalue. Practically it has been found «t the Richmond plant that 
the best disposal is by submerging the cylinder, as for example, 
in the raw water flume, or other convenient large body of flowing 
water. “Dry Ice” (solid carbon divxide,, is the only method 
used successfully in cooling a cylinder to stop a leak by suff- 
ciently reducing the gas pressure. 

A suitable number of gas masks, of a design approved by the 
U. S. Bureau of Mines, should be readily available in a con- 
yenient location, and all employes should be trained in the correct 
procedure in putting on the masks. There is quite a prejudice 
among a large number of operators against the use of a mask 
in stopping small leaks. Contrary to general statements other- 
wise, that chlorine exposures produce no cumulative effects, 
the writer has noted cases of men repeatedly exposing them- 
selves to small concentrations and have ended up with irritations 
such as results from a heavy concentration. It is well to note 
that the life of a canister type gas mask of the soda lime-acti- 
vated charcoal type, depends not only upon the extent to which 
it is put to active service, but upon the storage conditions. Such 

canisters deteriorate rather rapidly when left open to the air 
and, therefore, the bottom opening of the canister should be kept 
sealed with the plug or disc supplied by the manufacturer. The 
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useful life of a canister cannot be predicted and a fresh canister 
should always be available. Canisters should be replaced period- 
ically, regardless of use. 

Remember three simple rules in using a gas mask: 

1. Never use where there is any danger of a deficiency of 
oxygen. 

2. The life of the canister is an unknown quantity. 

3. Any gas mask job is a two man job. 

Even small chlorine leaks are dangerous and should be stopped 
immediately. A chlorine leak may be readily located by means 
of aqua ammonia. The best procedure so far found in Richmond 
consists of the use of a “blow-bottle” here illustrated. This is 
a bottle of suitable size to carry in one hand conveniently. A 
rubber atomizer bulb is attached and permits the operator to 
blow ammonia fumes from the bottle while holding the outlet 
nozzle near the suspected leak. This outfit can be easily manipu- 
lated with one hand. 


Flexibility of Chlorinator Service 


Chlorine control machines are relatively expensive, yet ample 
reserve against extra demands or repairs is absolutely essential 
in every plant. To reduce the number of machines needed, and 
yet leave reliable reserve at the Richmond plant has been in- 
stalled a most successful transfer system. Three points of 
chlorine application before filtration and four control machines 
are available on the transfer. By means of the transfer system, 
the opening of a valve permits any or all of the four chlorinators 
to supply any or all of the three points of application. By chang- 
ing hose connections two additional. control machines may be 
substituted thus making six machines almost immediately avail- 
able at any point of chlorine application. Thus six machines 
give as reliable service as would ordinarily necessitate nine 
machines. 

The author wishes to gratefully acknowledge his indebtedness 
for the suggestions and criticisms of: M. C. Smith, Chairman 
of the A. W. W. A. Committee on Chemical Hazards in Water 
Works; L. H. Enslow, Research Engineer of the Chlorine Insti- 
tute, and Editor of WATER WorKs ANp SEWERAGE, and to Carl 
Liepold of Winnetka, III. 





SOLVING CHLORINE ICE TROUBLE 


By DON CALDERWOOD 
Engineer, Pennichuck Water Works Co. 


Nashua, N. H. 


F you have had trouble with chlorine hydrate—usually called 

chlorine ice—forming in your chlorinator, you may be in- 
terested in hearing how we solved this problem. 

A few years ago we purchased a Wallace & Tiernan type 
MCVM chlorinator. The following winter we experienced our 
first real trouble with so-called chlorine ice. We built a wooden 
box over the bell jar and put electric lights in it; we tried a 
unit from a sun bowl heater inside the standard under the tray ; 
and then a combination of both. These gave results after a 
fashion but did not do a real workmanlike job—so after three 
or four seasons of makeshift operation we set out to find a 
permanent solution to the problem. 

We purchased a 1,500 watt immersion heater with a three 
heat switch giving us 500, 1,000, or 1,500 watts as needed. We 
then took a piece of 2%4 inch pipe about 10 inches long, screwed 
a cap on one end, a reducing coupling on the other, and into the 
reducing coupling we screwed the 1,500 watt heater. We next 
tapped into the cap and coupling for % inch copper tubing and 
after fastening the assembled unit to the chlorinator we discon- 
nected the water supply line to the tray and with copper tubing 
made new connections so that all the water going into the tray 
first passed through the heating unit. To eliminate the possibility 
of forgetting to turn the heat either on or off, we purchased a 
pressure switch and connected it to the water supply line in such 
a way that it automatically turns the current for the heating unit 
on when we turn on the water supply to the chlorinator, and 
also turns it off when the water pressure is shut off. 


This scheme worked perfectly for about three winters and 
then a ground started to show on our switchboard. We traced 
it to the heater and found that in our zeal for efficiency and in 
our desire to utilize all the heat available we installed the heater 
with the electric connections pointing down. During the humid 
summer weather condensation from the outside of the pipe had 
tun down on the electric connections finally causing the ground. 
We have now reversed the unit, putting the heater in from the 

















Our First Heater 


top and expect no more trouble. We find that low heat, or 500 
watts, is all the current we need to use except for a few days 
during the coldest part of the winter. 

This heating unit worked so well that we decided to put one on 
the chlorinator in our other station even though we use that 
station very little in the cold weather. This chlorinator was an 
older model and did not have a separate valve and line for the 
tray water supply, so we connected the heater similar to the 
other installation but conveyed the warm weather from the heater 
directly over the top and into the tray. The water supply was 
adjusted so that the water flowing through the heater and into 
the tray was just a little less than the required amount, the 
remainder being supplied in the usual way through the float valve 
in the tray supply line. 
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FERRI-FLOC is the ferric coagulant that is today solving water and 
sewage problems throughout the United States. In actual plant operations 
FERRI-FLOC is proving most satisfactory for use under widely varying 
conditions. 


In water treatment, the use of FERRI-FLOC varies from simple coagu- 
lation at normal pH’s to softening at high pH’s, and color removal at very 
low pH’s. 


In sewage plants, FERRI-FLOC is being used at high pH values for 
treatment of concentrated laundry wastes, at extremely low pH values for 
slaughter house wastes, and at practically all intermediate pH’s for treatment 
of domestic sewage, milk wastes, canning plant wastes, acid wastes, and a 
multitude of others. 


The purity of FERRI-FLOC has not only been maintained during present 
adverse conditions but has actually been improved. 


The Mark of Quality 





TENHESSEE CORPORATION 


Take advantage of modern plant research and findings: let FERRI-FLOC 
solve your water or sewage treatment difficulties. Ask Tennessee Corpor- 
ation’s Technical Staff to help you solve your specific problems, or write 
for case histories of plants with problems similar to yours. 


TENNESSEE CORPORATION 
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The treatment of public water supplies for sanitary pur- 
poses is a highly complex process requiring the services 
not only of sanitary engineers but also of chemists and 
bacteriologists. Certain fundamental procedures have 
become more or less standard, and while not all of these 
methods of treatment are used at every plant processing 
water for public use, every plant uses one or a combina- 
tion of several of the steps outlined here to produce a 
safe, potable, non-corrosive and soft water. 


Water as found in the natural state in lakes, rivers and 
other surface sources or underground in wells contains 
dissolved and suspended material in varying quantities. 


Fig. 1. 
HEAVY DUTY MIDGET CHEM-O-FEEDER 


water treating chemicals 
Constant 


Diaphragm pump for all 
0-6.5 GPH against pressure up to 85 PSI. 
rate feed; adjustable stroke length and rate. 


The suspended material can be removed sometimes by 
simply allowing the water to stand for a sufficient time in 
a settIng or sedimentation tank or basin. As an aid to 
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WATER PURIFICATION 
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settling it is necessary with many waters to add chemicals 
which will coagulate the suspended material and cause it 
to drop to the bottom of the coagulation basin in a rela- 
tively short time. 


Aluminum sulphate (filter alum) is one of the chemicals 


used most frequently for coagulation. It forms a gela- 
tinous precipitate around the suspended particles in the 


water and causes the particles to adhere to each other 
forming larger particles which settle more rapidly due to 
their greater weight. This gelatinous material is known 
as floc and chemical feed must be regulated so that forma- 
tion of a suitably sized and constituted floc for rapid 
settling and good coagulation is obtained. Thus 
% Proportioneers% accurate chemical feeders for coagu- 
lation are designed so that the rate of feed can be ad- 
justed according to changes in the quality of the water 
being treated. Changes in the natural alkalinity of the 
water, changes due to seasons of the year, etc., all affect 
the coagulant demand of the water, so that “flexible” 
chemical feeding apparatus such as manufactured by 
% Proportioneers, Inc.% is a necessity. 


The next step in the process of water purification is to 
strain out the smaller particles of floc and suspended 
matter which were not taken out in the settling chambers 


or in the coagulation basin. This is done by passing the 
water through a bed of sand or other porous material. 
For large quantities of water, such as handled in munici- 
pal water treating systems, sand is most generally used 
for the filtration process. Sand filters will remove not 
only the suspended matter but also the colloidal material 
including some of the bacteria and organic matter that 
cause colored water. The material taken out by the filter 
may be even smaller than can be seen in a mocriscope,— 
smaller than the passages through the sand grains. This 
is possible due to the adsorbing power of the mat of floc 
or gelatinous material on top of the filter bed, deposited 
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by the water which was previously treated with coagulants. 
Sand filters operated at the proper rates of flow, and with 
correct pretreatment of the water to be filtered, will pro- 
duce a satisfactory municipal water supply from the stand- 
point of suspended matter or turbidity, and in most in- 
stances color. 


They will also remove much of the bac- 


terial and organic matter, thus reducing the quantity of 
chlorine required for sterilization. 

There are several types of sand filters in use in municipal 
treatment plants, including: 







1. THE SLOW SAND FILTER: 


This filter is built like a reservoir with a layer of sand 
and, under that, gravel beneath which is a drain sys- 
tem. The filter operates on a gravity flow, removing 
most of the turbidity and bacteria and much of the 
coloring matter as the water passes slowly through the 
sand bed (.05 gal./min./sq. ft.). No coagulant chem- 
icals are used with slow sand filtration. 


THE RAPID SAND FILTER: 


This filter is smaller in area, usually in a concrete 
basin, and operates at much higher rates of flow (2 
gal./min./sq. ft.). It depends on proper sedimenta- 
tion and coagulation with alum or other coagulants for 
proper operation. Here, again, water passes through 
the filter by force of gravity. 


% PROPORTIONEERS, INC.%, 9 N CODDING ST., PROVIDENCE 1, R. I. => 


3. PRESSURE FILTER: 


This filter is a rapid sand filter enclosed in a stee] shell 
and operates under water pressure. Water from 4 
pump discharge or water fom a municipal Supply ling 
under pressure, either unfiltered or filtered and re 
quiring further refinement, can be passed through this 
enclosed filter. Ordinary sedimentation and Coagy. 


lation can be used, or the coagulant can be injected 
directly into a pipe line under pressure ahead of th 
pressure filter. 


Cleaning slow sand gravity filters consists of periodically 
scraping some of the sand from the top surface of the 
filter. Rapid sand filters of both the gravity and pres. 
sure types are cleaned by washing, or “backwashing”, as 
it is referred to sometimes. Filtered water is passed 
through the filter in reverse flow from bottom to-top, 
thus cleaning the grains of sand and flushing out the top 
mat of floc and organic matter that has caught the dirt 
and bacteria. Gravity type rapid sand filters allow the 
operator to observe the surface of the sand and determine 
if even backwash is taking place, while pressure filters, 
being enclosed, do not. However, both these rapid sand 
type filters can perform a good filtering job when prop- 


erly operated. 
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Fig. 2. INSTALLATION DIAGRAM of Heavy Duty Chem-O-Feeder with electrical 
proportioning device controlled by flow meter. 
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shel soar against bacteria that may have passed through acted upon is known as the residual chlorine. The chlor- 
om 9 the filters and against after-contamination in the distrib- ine used up is known as the chlorine demand of the 
Tine ution system. Chlorine in the form of hypochlorites or water. The chlorine demand of a filtered water will vary 

as gas chlorine is the most generally accepted and used from .2 to .6 PPM and it is usual to carry a chlorine 
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filtration the water must be sterilized to provide the water after the organic matter and bacteria have been 






residual of .1 to .3 PPM over and above the chlorine de- 
mand unless special circumstances dictate otherwise. 






The residual chlorine is determined by means of a chlor- 
ine comparator in which color standards for known 
strength of chlorine residuals are used to compare with 
sample of chlorinated water, to which has been added a 
small amount of indicator. The indicator (orthotolidine 
solution) reacts with the residual chlorine and causes a 
color to appear in the sample corresponding to the amount 











of residual chlorine 








Chlorination before filtration or pre-chlorination is used 
in some plants to control the load of organic matter and 
bacteria on the filters. Chlorination after filtration or 


post-chlorination is used where disinfection only is re- 
quired. 












TRIPLEX MULTI-CONTROL FEEDER 


Diaphragm pump for all water treating chemicals 
0-7.5 GPH of 3 different chemicals against pressure up 
to 100 PSI. 


Constant rate feed; individually adjustable stroke 
length and rate for all three chemicals. 









Ammonia, as the gas or in the form of aqua ammonia or 
ammonium sulphate, is used for treating some waters to- 
gether with chlorine. Chloramines formed when both 













agent of disinfection. The larger municipal water plants 


ase gas chlorinators and the medium and smaller size 









plants hypochlorinators. This is because of the differen- 






tial in first cost of the two types of chlorinators, and the 






differential in the cost of chlorine in the two forms. 










HIGH PRESSURE MIDGET CHEM-O-FEEDER 


Plunger pump for all water treating chemicals 0-6.5 GPH 
against 30 to 200 PSI. 


Constant rate feed; adjustable stroke length. 








AUTOMATIC AND PROPORTIONAL CHEM-O-FEEDER ammonia and chlorine are added to a water have two 
distinct advantages : 





For all water treating chemicals against 10 to 100 PSI. 
Automatic and proportional feed to variable flow meas- 
ured by mechanical meter. Adjustable stroke length. 





1. Enables carrying higher residuals which will persist 
and carry further out in the distribution system 
without resulting chlorinous taste and odor. 






Chlorine in water oxidizes or burns up the organic mat- 
ter and bacteria to make it sterile and potable for human With some waters taste and odor can be controlled 
consumption. The balance of the chlorine remaining in with chloramine treatment. 
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FERRI-FLOC is the ferric coagulant that is today solving water and 
sewage problems throughout the United States. In actual plant operations 
FERRI-FLOC is proving most satisfactory for use under widely varying 
conditions. 

In water treatment, the use of FERRI-FLOC varies from simple coagu- 
lation at normal pH’s to softening at high pH’s, and color removal at very 
low pH’s. 

In sewage plants, FERRI-FLOC is being used at high pH values for 
treatment of concentrated laundry wastes, at extremely low pH values for 
slaughter house wastes, and at practically all intermediate pH’s for treatment 
of domestic sewage, milk wastes, canning plant wastes, acid wastes, and a 
multitude of others. 


The purity of FERRI-FLOC has not only been maintained during present 
adverse conditions but has actually been improved. 


The Mark of Quality 
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Take advantage of modern plant research and findings: let FERRI-FLOC 
solve your water or sewage treatment difficulties. Ask Tennessee Corpor- 
ation’s Technical Staff to help you solve your specific problems, or write 
for case histories of plants with problems similar to yours. 


TENNESSEE CORPORATION 


ATLANTA, GEORGIA LOCKLAND, OHIO 
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9N CODDING ST., PROVIDENCE 1,R | 


Atlanta, Ga, 
Beloit, Wis. 
Birmingham, Ala. 
Charlotte, N. C, 
Chicago, Ill. 
Cleveland, Ohio 
Dayton, Ohio 
Denver, Colo. 


Pittsburgh, Pa. 
Richmond, Va. 
Rochester, N. Y. 

St. Louis, Mo. 

St. Paul, Minn. 
Salt Lake City, Utah 
San Antonio, Texas 














The treatment of public water supplies for sanitary pur- 
poses is a highly complex process requiring the services 
not only of sanitary engineers but also of chemists and 
bacteriologists. Certain fundamental procedures have 
hecome more or less standard, and while not all of these 
methods of treatment are used at every plant processing 
water for public use, every plant uses one or a combina- 
tion of several of the steps outlined here to produce a 
safe, potable, non-corrosive and soft water. 

Water as found in the natural state in lakes, rivers and 
other surface sources or underground in wells contains 
dissolved and suspended material in varying quantities. 





Fig. 1. 
HEAVY DUTY MIDGET CHEM-O-FEEDER 


Diaphragm pump for all water treating chemicals 


0-6.5 GPH against pressure up to 85 PSI. Constant 


rate feed; adjustable stroke length and rate. 


lhe suspended material can be removed sometimes by 
simply allowing the water to stand for a sufficient time in 
a settIng or sedimentation tank or basin. As an aid to 


Des Moines, Iowa 
Detroit, Mich. 

Ft. Wayne, Ind. 
Huntington, West Va. 
Jackson, Miss. 
Kansas City, Mo. 

Los Angeles, Cal. 
Louisville, Ky. 


WATER PURIFICATION 


Miami, Fla. 
Nashua, N. H. 
New Orleans, La. 
New York, N. Y. 
Niagara Falls, N. Y. 
Oak Harbor, Ohio 
Omaha, Neb. 
Philadelphia, Pa. 


San Francisco, Cal. 
Seattle, Wash. 
Syracuse, N. Y. 
Troy, N. Y. 

Tulsa, Okla. 
Worthington, Ind. 
Washington, D. C. 














settling it is necessary with many waters to add chemicals 
which will coagulate the suspended material and cause it 
to drop to the bottom of the coagulation basin in a rela- 
tively short time. 


Aluminum sulphate (filter alum) is one of the chemicals 


used most frequently for coagulation. It forms a gela- 
tinous precipitate around the suspended particles in the 
water and causes the particles to adhere to each other 
forming larger particles which settle more rapidly due to 
their greater weight. This gelatinous material is known 
as floc and chemical feed must be regulated so that forma- 
tion of a suitably sized and constituted floc for rapid 
settling and good coagulation is obtained. Thus 
% Proportioneers% accurate chemical feeders for coagu- 
lation are designed so that the rate of feed can be ad- 
justed according to changes in the quality of the water 
being treated. Changes in the natural alkalinity of the 
water, changes due to seasons of the year, etc., all affect 
the coagulant demand of the water, so that “flexible” 
chemical feeding apparatus such as manufactured by 
% Proportioneers, Inc.% is a necessity. 


The next step in the process of water purification is to 
strain out the smaller particles of floc and suspended 
matter which were not taken out in the settling chambers 
or in the coagulation basin. This is done by passing the 
water through a bed of sand or other porous material. 
For large quantities of water, such as handled in munici- 
pal water treating systems, sand is most generally used 
for the filtration process. Sand filters will remove not 
only the suspended matter but also the colloidal material 
including some of the bacteria and organic matter that 
cause colored water. The material taken out by the filter 
may be even smaller than can be seen in a mocriscope,— 
smaller than the passages through the sand grains. This 
is possible due to the adsorbing power of the mat of floc 
or gelatinous material on top of the filter bed, deposited 


W. W. & S. — Rererence & Data — 1945 

















Ammonia and chlorine react together to form mono, di 
and tri-chloramines. The mono and di-chloramines are 
the sterilizing agents and appear to be more selective in 
their action than chlorine alone. Also, higher residuals 
can be carried without taste an! odor problems that would 
Thus, instead of being 


used up entirely by organic matter in the water at or near 


arise if chlorine alone was u-« |. 


the treating plant, they tend to react more exclusively on 
the bacteria. The higher initial residual is carried in the 
mains to act on pollution out in the ends of the distribu- 
tion system which would not be reached with chlorine 
alone. There is some evidence that higher chlorine resi- 
dual reacts to prevent bacterial growths and organic mat- 
ter in the mains from cutting down their carrying capacity. 
With some waters containing phenolic wastes, chlorine 
forms offensive tastes and odors. If ammonia is added 
before the chlorine, it reacts with the phenolic matter, 


The 


ammonia is added before or after filtration, depending 


thus preventing chlorophenolic tastes and odors. 


entirely on where the chlorine is added when the prob- 
lem is taste and odor control. Chloramines do not help 
where tastes and odors are already present in the water 


before the chlorine is added. 


Uther muscellaneous treatments applied to particular 
water supplies include softening by the lime-soda ash or 
zeolite methods, iron and manganese removal, corrosion 
control with silicates or phosphates, aeration and lime 
treatment, etc. The special purpose treatments are re- 
quired for various reasons, but not usually for improving 


suitability of the water for sanitary purposes. 


% Proportioneers% has over the past ten years developed 
a complete line of chemical feeders for adding or inject- 
ing under pressure the various chemicals used in the afore- 
mentioned purification and treatment processes. These 
Chem-O-Feeders are variable displacement pumps for 
feeding solutions of the treatment chemicals. %Pro- 


portioneers% chemical food pumps take solution from a 
chemical tank, measure it and deliver it to the desired 
point of application. Diaphragm pumps are used to feed 
to low or negative pressures, such as a pump suction, into 
atmospheric pressures, such as an open tank, or into 
positive pressures, such as a water main, up to 85 or 100 
Ibs. per square inch depending on the model Chem-O- 
Feeder used. Plunger pumps, for positive pressures 
from 30 Ibs. per square inch up to 200 Ibs. per square 


inch or higher, are available. 


Pumped, or constant rate of flow, water systems are 
usually treated with electric motor-driven Chem-O-Feed- 
ers, adjustable as to stroke length, stroking rate and solu- 
tion strength. Chem-O-Feeders are available, however, 
for belt or chain and sprocket drive from some rotating 
shaft on your equipment. Other models can be driven 
from a reciprocating motion on your equipment, such as 


a steam-driven reciprocating pump. 
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lor variable rate of flow water plants, such as a gravity 
water system, % Proportioneers% has a complete line of 
hydraulically operated mechanical meter-controlled pro- 


Fig. 6. 


PACKAGED AMM-O-FEEDER 


Diaphragm pump for aqua ammonia solution 0-6.5 GPH 
aqua ammonia up to 15% against pressure to 85 PSI. 
Suitable for water plants up to 25 MGD. Constant rate 
feed; adjustable stroke length and rate. 


portioning pumps. Other equipment for electric motor 
drive, but controlled by a mechanical water meter elec- 


trically, is also available. 


Pressure differential meters, such as the Venturi, orifice 


/ . vA 
% Proportioneers % 


/ 


plate, etc., can be used to control 
Chem-O-leeders by use of the Chronoflo Transmitter 
manufactured by our associate company, Builders-Provi- 


dence, Ine. 


Behind %Proportioneers% water treating equipment 
stands a company which for over a decade has pioneered 
better proportioning pumps in countless fields. The ex- 
perience gained in over 17,000 installations— treating 
water supplies, blending and diluting ingredients tor vital 
war products, sampling the flow of liquids—qualifies 
% Proportioneers, Inc.% to solve your problem, to engi- 
neer more reliable, economical and accurate water treat- 


ing equipment for present and future plants. 


Technical data, recommendations and bulletins on spe- 
cific chemical feeders will be sent you upon receipt of in- 


formation about your chemical treatment problem. 
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OLIVER UNITED FILTERS INC. 


New York 18, N. Y. Chicago |, Ill. 
33 W. 42nd Street 221 N. La Salle Street 


Oakland, Calif. —_ 


Factories: 


PRODUCTS 


Oliver Continuous Vacuum Sludge Dewaterer. 

Olivite Acid-Handling Pump (Centrifugal Pump for 
Handling Chemicals). 

OD5 Diaphragm Slurry Pump. 


EXPERIENCE 


Oliver United engineers pioneered the development of 
continuous vacuum dewatering for the various types of 
sludges produced in treatment plants. They cooper- 
ated with consulting engineers and sewage plant ofh- 
cials in working out coagulation methods to make these 
sludges amenable to mechanical dewatering. 


ADVANTAGES OF CONTINUOUS 
VACUUM DEWATERING 


The benefits of mechanical sludge dewatering are such 
that every community, wherever practical, should plan 
to adopt this method of handling sludges. 

Briefly, here they are: 


1...space required for the filter station is very 
much less than that required for equivalent 
capacity in drying beds. 


.the filter operates continuously, regardless of 
weather conditions. 


..sludge is handled more easily and at any con- 
venient time. 


..muisance factors are eliminated. 
..filter station easily kept clean. 


.filter and accessories have exceptionally long 
life; some Olivers have been in service con- 
tinuously for 21 years. 


Oliver all-assembled Sludge Dewaterer for use in small treatment plants 


Western Sales Div., Oakland |, 
Calif., 2900 Glascock Street 


Hazleton, Pa. _ 


San Francisco | 1 
California 


Canada — 


E. Long, Ltd. 


Orillia, Ont., Melbourne, Australia 


OLIVER UNITED INSTALLATIONS 


Since 1924, when the first Oliver Continuous Vacuum 
Sludge Dewaterer was installed, Oliver United engi- 
neers have engineered and manufactured about 125 
continuous vacuum dewaterers. Sizes installed range 
from 54 square feet to 800 square feet. Two different 
stations— Milwaukee and Chicago (Stickney )—have 24 
and 32 large Olivers respectively. 


55,000 square feet of 
OLIVER UNITED 
SEWAGE SLUDGE DEWATERERS 


have been installed in 


Sewage Treating Plants 


Part of installation of thirty-two 11' 6" x 16’ 
Olivers at Chicago (Stickney Plant) 


SLUDGES HANDLED 


Continuous vacuum dewatering is practicable for han- 
dling the following sludges : 
Raw Waste Activated 
Raw Primary 
Digested Primary 
Digested Mixed Raw and Activated 
Chemically Precipitated 
Water Softening 
Water Softening and Sewage 
Tannery Waste and Sewage 
Many Industrial Wastes 





Orillia, Ontario 7 


verre 








MODERN FINANCING OF SEWAGE WORKS* 


at sg sewage works by revenue bonds secured by 
service charges is comparatively new. It is, however, a form 
of financing which promises wide acceptance because it is equita- 
ble and economically sound. Here are reasuns why: 

Sewer rental charges are small: 

When billed on a monthly or quarterly basis, charges are ac- 
cepted without question after the first few billings ; 

Delinquencies are, for the most part, negligible; 

Purchasers of revenue bonds have good security. 

In this booklet revenue bonds are considered as a form of 
municipal bond issued to construct or improve revenue-producing 
works when the payment of such bonds depends entirely upon the 
revenue from the utilities. These include sewerage systems, 
sewage-disposal and water works. 

Although the full faith and credit of the political subdivision 
is not directly pledged as security for revenue bonds, the financial 
standing and debt history of a municipality have an important 
bearing upon the value of the bonds. Revenue bonds should be 
considered as a sound means whereby progressive municipalities 
may build needed improvements without disrupting other budgeted 
requirements and without adding anything to their general debt 
or tax burdens. 


State and Municipal Legislation 


Legislation permitting revenue bond financing of sewage works 
exists in 33 states. Because some of these laws were passed as 
emergency measures, amendments may be necessary to make the 
full benefits available. If enabling legislation is not adequate 
or is of temporary nature, it should be amended. An enabling act 
should provide that the department of the municipality responsi- 
ble for building and operating public works may proceed with a 
required sewerage project upon the approval of the common 
council or board of trustees, and after a satisfactory ordinance 
has been drawn. [If the reader is interested in a typical Revenue 
Bond Ordinance a copy will be supplied upon request. The length 
of the ordinance was too great for reproduction here— 

In some cities home rule charters may have to be revised to 
permit taking advantage of the broader scope of state legislation. 

It is important that any change in state legislation or in mu- 
nicipal charters be suggested only after careful study of the 
state constitution and existing laws. 


Kinds of Financing 


The problem of financing sewerage facilities is of major im- 
portance to municipalities. Although most of the discussion in 
this booklet concerns the revenue bond method, other means are 
touched upon, since some cities may find them desirable. There 
are four principal methods for financing sewerage facilities : 

1. General Tax Obligation Bonds; 

2. Special Assessments ; 

3. Service Charge and Revenue Bonds; 

4. Combination Method. 


General Tax Obligation Bonds 


The most used method of financing municipal improvements 
has been by ad valorem tax upon all real property within the 
municipality. Bonds have then been issued upon the basis that 
the improvement becomes a general obligation of the incorporated 
municipality. This method considers the improvement of general 
benefit to all property, and the tax paid by an owner to be in 
direct proportion to the amount of property he possesses without 
recognizing the utility feature of water works and sewerage. 


In times of stress this method may not permit the city of town 
to construct or extend sewerage facilities that are vitally needed. 

hen an improvement is most needed, the municipality may have 
a bonded indebtedness approximating the state constitutional or 
Statutory limitation. 


Special Assessments 


The special assessment method of financing is based upon the 
taxing of property in proportion to the benefits bestowed. The 

*The material under this heading has for the most part been 
taken from a brochure published by the Portland Cement Asso- 
clation, copies of which are available upon request. 


property owner may pay his share of the cost of the undertaking 
outright or in a stated number of installments, usually ten. When 
an installment is due he receives a notice. He is expected to pay 
promptly what is due plus interest on the unpaid balance. 

Special assessment bonds may or may not be issued, depending 
upon the municipality’s ability to carry the cost out of other 
funds, or the willingness of the contractor to take assessment 
warrants in at least part payment. 

This method of financing also leaves out of consideration -pay- 
ment in proportion to service rendered. 


Service Charge Revenue Bonds 


The revenue bond method of financing public improvements 
does not add to the general debt. Sewer rentals which are 
security for the bonds provide a means of charging the person 
receiving the service and in proportion to use. 

The most practical method of sewer rental is a charge based on 
water consumption. A sewer rental schedule may be set up by 
ordinance for various classes of users, and users may be charged 
a fixed percentage of the water bill. 

If for any reason it is not practicable to use water meter read- 
ings, rates can easily be adjusted to a flat rate or connection basis, 
depending upon the kind and size of premises occupied and the 
number of service connections. In any case, individual demands 
should be carefully studied and classified and the rates fixed ac- 
cordingly. [A typical rate ordinance is given at the end of this 
chapter.—Editor. ] 

The monthly or quarterly per capita charge for the entire cost 
of a new sewage works plus its operating cost is generally quite 
small, and therefore no hardship even on the very low income 
group. The minimum rate at Oak Park, Illinois, for example, is 
$1.50 per quarter, or less than the cost of a daily paper. Of the 
11,500 accounts on Oak Park’s books, approximately 2,600 pay 
the minimum bill, and 3,600 pay the next higher rate. 


Combination Financing 


Sewer rentals may be charged even though the project may not 
be financed with revenue bonds. In some cases sewer service 
charges have been used merely to care for maintenance and opera- 
tion. The equity of charging the user a proportion of the con- 
struction cost, however, is well recognized. 

Also, sewer rentals may be used to retire general tax obliga- 
tion bonds used for sewer construction. Furthermore, in ordi- 
nances establishing sewer rentals for operation and maintenance, 
it is usually provided that any surplus accruing from the rental 
collections shall be applied to the construction cost. 

Where extensions or construction of waterworks are being con- 
sidered with sewerage improvements, it is often advantageous to 
finance with combined waterworks and sewerage revenue bonds. 


Sewer Rental Experience 


Some fear has been expressed regarding possible delinquencies 
in sewer rental collections. Those who anticipate this difficulty 
will find that their fears have little foundation in practice. Exam- 
ination of the sewer rental experience table reproduced herewith 
shows the small percentage of delinquencies. 

In financing sewage works by the revenue bond method, ques- 
tions may arise regarding the equity of the rates for sewer rentals. 
While the rate depends largely upon service actually used, it must 
be recognized that there is a definite benefit to property whether 
the sewer is connected or not. 

An accepted principle of making a ready-to-serve or availability 
charge can be applied to the establishment of sewer rental rates. 
This principle may also be extended to cover the cost of storm 
sewers or, if a combined system is built, a share of the added 
cost. 

Various methods have been used for establishing such charges. 
In some cases the sewer rental charge has been made to finance 
the construction of the treatment plant, and the cost of the collec- 
tion system has been met by an entirely different method, usually 
some form of direct taxation or special assessment. 

Where sewer rentals are to be applied to construction of both 
treatment plant and collection system, some municipalities have 
established a small ready-to-serve charge. Another and fairly 
general practice is to make a substantial charge for initial con- 
nection to the sewer. 

(See Experience Record at end of article.) 
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General Procedure 


Carrying a sewerage project through under any kind of financ- 
ing involves a number of important steps. These do not neces- 
sarily follow in order, and some of them may be taken concur- 
rently. The principal steps are: 

Make a preliminary sanitary survey ; 

Start a campaign to get public support; 

Select a competent sanitary engineer ; 

Select a recognized bond attorney to prepare the bond ordinance 
and bond certificates ; 

Publish the bond ordinance ; 

Advertise the bond issue; 

Prepare the rate schedule and publish the rate ordinance ; 

Prepare forms for billing the user. 


Preliminary Survey 


Before the need for new sewerage facilities is determined, it 
is desirable to have some public sentiment favorable to such 
improvement. The water supply may have become contaminated, 
and householders will start to complain of disagreeable tastes 
and odors. Public bathing beaches may have to be closed. Marine 
life may have been endangered by pollution. State health depart- 
ments may have determined that a nuisance exists. All these 
conditions may indicate new sewage works are required, but the 
actual need should be established by a preliminary survey. Such 
a survey need not be comprehensive, but enough facts should be 
gathered to justify the improvement. 


Securing Public Approval 


Now that the municipality has decided to proceed with the 
construction of sanitary facilities and it has been determined that 
there are no legal barriers, the next logical step is to enlist wide- 
spread public support. Even though bonds may be issued with- 
out referring the matter to popular vote, the public should be 
informed on the urgency of the proposed construction and the 
entire plan of procedure. 

Many city councils prefer a referendum so that there will be 
official record of the public’s approval. 

When, and if, the bond issue is to be put to a vote of the 
people, it is essential that the voters have full knowledge of the 
necessity of the project, and that they be given enough construc- 
tion and operation cost information to impress them with the fact 
that for an exceedingly small charge they are being given an 
indispensable service. Many bond issues have been lost because 
voters gained erroneous impressions from unreliable sources. 

Public approval of the proposed project should be sought 
through a general educational campaign, which should point out: 

That public health is endangered by continuation of existing 
conditions ; 

That the city may be (or has been) sued because of stream 
pollution and that the taxpayers will have to pay for the resulting 
damage ; 

That sound financing methods will be followed; 

That costs will be reasonable; 

That engineering advice and construction supervision will be 
competent ; 

That charges will be small and on the basis of dse; 

And further, that there will be no added tax burdens. 

The whole educational program should be placed in the hands 
of a competent central committee. The following outline suggests 
major steps in an educational campaign: 


3. Booklets and pamphlets 


A. Establish eentral committee 
—simple, direct  state- 


1. Headquarters 


2. Volunteers ments 
3. Appoint publicity direc- D. Canvassing 
tor 1. Individual calls by vol- 
B. Report on investigations unteers 


2. Endorsements by promi- 
nent citizens. 
E. Local organizations 


1. Engineer’s report 
2. Financing methods (ad- 
vice obtained from bond 


attorneys) 1. Obtain support of local 
3. Comparable conditions in groups 

other cities Business 

How remedied? Professional 


Chambers of commerce 
Women’s organizations 
Civic clubs 
Schools, etc. 
F. Lectures and radio talks 
1. By city officials 


C. Publicity 
1. Newspaper articles 
Full details given to 
press; cooperation ob- 
tained in interest of pub- 
lic welfare 
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2. Advertisements—if elec- Engineers 
tion to be held, present Attorneys 
final conclusive argu- Volunteer citizens 
ments immediately pre- G. Displays 


1. Posters in store windows 
2. Posters in homes 


Selecting the Consulting Sanitary Engineer 


The job of building modern sewage works requires highly 
specialized ability, and should be entrusted only to a competent 
sanitary engineer. 

Although the sanitary engineer will know what facts he will 
have to gather, others not technically trained will be interested in 
a brief picture of the scope of his necessary investigations, which 
are as follows: 

Source and quality of water supply. 

Stream-gage measurements, particularly low-water and flood 
stages, if the water supply is taken from a river or the sewage 
effluent is to be diverted to a river or stream. 

_ Population characteristics, with particular reference to popula- 
tion stability, proportions in various income groups, whether popu- 
lation is increasing or decreasing, etc. 

Land use characteristics of the area. It should be known what 
proportion of the area to be served is industrial; how much is 
commercial and how much residential, with these areas located 
with respect to municipal corporate limits or sanitary district 
limits; and the recreational facilities of the community, etc. 

Physical characteristics of the area. Obviously, a physical 
survey will have to be made to determine where the plant is to be 
built to take full advantage of gravity flow of sewage, to deter- 
mine if. any pumping will be necessary, and to solve other prob- 
lems concerned with actual design. 

The number of water connections in the area to be served by 
sewerage facilities, and the probabilities of increase. Adequacy 
of existing water supply and probable reasonable increase also 
will be established. It should certainly be known how many sewer 
connections exist and whether the connections are industrial, com- 
mercial or residential. 

Method of garbage collection and disposal. 

These are a few of the many important things the sanitary 
engineer will investigate. 


Selecting Bond Attorney 


A recognized bond attorney should be consulted at the outset. 
In cooperation with the city attorney, the bond specialist will 
prepare and approve the necessary ordinances and form of bond 
proposal. 

This procedure not only protects the city against legal faults, 
but it helps materially in selling the bonds. An opinion of a 
recognized bond attorney will be. necessary before the bonds are 
delivered, but a preliminary opinion is desirable, as it obviates 
subsequent delay. Also, if bond purchasers know that all details 
have been handled or approved by bond specialists, the bonds will 
be regarded much more favorably. 


Publishing Bond Ordinance 


As soon as the bond attorney and the city attorney have drafted 
the bond ordinance, the city council should pass the ordinance and 
publish it. The way is then clear for financing the project. 


Advertising Bond Issue 


City officials will find helpful suggestions regarding the bond 
advertisement in a municipal circular issued by the Investment 
Bankers Association of America. These suggestions, embodied in 
Recommendation No. 19, are: 

“19. SPECIAL REVENUE BONDS: 

“Reference is made to a resolution adopted by the Board of 
Governors on May 11, 1937, that part of which outlining specifica- 
tions is as follows: 

“*That advertisements or circulars describing revenue bonds 
shall clearly indicate the nature of the obligation. ’ 
“‘That the customary form of the ordinary municipal cir- 
cular and advertisement be varied to prevent confusion in 
the mind of the casual or careless reader. . 
“‘That the type of obligation be clearly described in the 
caption, and with prominence consistent with that accorded 
to the name of the municipality. ; 
“‘That priority of obligation, if any, be stated specifically. 
“‘That the statement of assessed valuation, total debt, etc. 
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if included, be given a secondary rather than a primary 
position. 

“*That in connection with such statement of assessed valua- 
tion, etc., a statement shall be made, and prominently dis- 
played, to the effect that the assessed valuation reported is 
not subject to taxation for the payment of principal and 
interest on the bonds.’” 

Bonds may be offered for sale as soon after the issue has been 
advertised as seems convenient or advisable. The services of 
some financial specialist may be secured to advise the city officials 
when the bonds may be most advantageously sold and in what 


amounts. 


Establishing Rate Schedule 


An equitable rate schedule is fundamental to successful financ- 
ing of sewerage facilities by the revenue bond method. Obvi- 
ously, then, care must be exercised in adjusting the schedule to 
the kind and amount of service rendered. 

The recommendations of the sanitary engineer should be sought 
in establishing the rates. He will view the proposed schedule 
from the standpoint of existing earning capacity plus reasonable 
future increases. It cannot be emphasized too strongly that an 
adequate ahd equitable rate schedule will enhance the sibilities 
for advantageous sale of the bonds. An inadequate schedule may 
jeopardize the entire program. Raising deficient rates is far more 
difhcult than lowering rates found to yield more revenue than is 
currently required. 


Preparing Billing Forms 

Municipalities have worked out ingenious methods of billing to 
meet their particular requirements. A simple statement showing 
separately the amounts charged for water and for sewerage 
service is generally preferred, however. Where possible, the 
billing and collection of sewerage charges can be made by the 
same staff and at the same time as the water bills. This has been 
done by several cities at almost no increase in collection costs. 

It is especially desirable that bills be rendered monthly or 
quarterly. An annual charge for a new municipal service, how- 
ever reasonable, may appear exorbitant to the payer. 

Two single billing forms are reproduced on the next page. 


Typical Sewer Rental Ordinance 


AN ORDINANCE 
FIXING THE RATES TO BE CHARGED BY THE 
CITY OF DAYTON, OHIO, TO THE OWNERS OF 
BENEFITED PROPERTY FOR THE USE OF ITS 
SANITARY SEWERAGE SYSTEM, OF PARTS 
SANITARY SEWERAGE SYSTEM AND TREAT- 
MENT WORKS. 

WHEREAS, . . . THEREFORE, 

BE IT ORDAINED BY THE COMMISSION OF THE 
CITY OF DAYTON: 

Section 1. It is hereby determined and declared to be necessary 
and conducive to the protection of the public health, safety, wel- 
fare and convenience of the City of Dayton, Ohio, to levy and 
collect charges or rentals upon all lots, lands, and premises served 
by having connections with the sanitary sewerage system and by 
the sewage pumping, treatment and disposal works of said City, 
the proceeds of such charges or rentals so derived to be for the 
use of the sanitary sewerage system and the pumping, treatment 
and disposal works of said city, as hereinafter provided. 

Section 2. (Defines “Sanitary Sewage” and “Industrial 
Wastes.”—Editor ). 

Section 3. For the purposes as provided in Sections 1 and 8 
hereof there is hereby levied and assessed upon each lot, parcel 
of land, building or premises having any sewer connection with 
the sanitary sewerage system of said city or otherwise discharg- 
ing sewage, industrial wastes, water or other liquids, either di- 
rectly or indirectly into the City sanitary sewerage systems, a 
sewerage service charge or rental payable as hereinafter provided, 
and in amount determinable as follows: 


(a) For any lot, parcel of land, building or premises situated - 


within the corporate limits of the City of Dayton, Ohio, 
and having any connection with the city sanitary sewerage 
system or otherwise discharging sanitary sewage, industrial 
wastes, water or other liquids, either directly or indirectly, 
into the City sanitary sewerage system, said charge or 
rental shall be based upon the quantity of water used there- 
on or therein as the same is measured by the City water 
meter there in use, and there shall be charged: for the first 
3000 cubic feet of water, or part thereof, so used per quarter 
year, the sum of One Dollar ($1.00); for each thousand 
cubic feet of water used in excess of 3000 cubic feet and 
not exceeding 10,000 cubic feet, per quarter year, at the 
rate of Thirty Cents (30c) per 1000 cubic feet; for each 
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thousand cubic feet of water in excess of 10,000 cubic feet 
and not in excess of 20,000 cubic feet, per quarter year, at 
the rate of Twenty-five Cents (25c) per 1 cubic feet; 
for each thousand cubic feet of water in excess of 20,000 
cubic feet and not in excess of 100,000 cubic feet per quarter 
year, at the rate of Twenty Cents (20c) per 1000 cubic 
feet; for each thousand cubic feet in excess of 100,000 
cubic feet and not in excess of 500,000 cubic feet per quarter 
at the rate of Fifteen Cents (15c) per one thousand cubic 
feet ; for each thousand cubic feet in excess of 500,000 cubic 
feet per quarter at the rate of ten cents (10c) per 1000 
cubic feet; provided, that the minimum charge shall be One 
Dollar ($1.00) per quarter year or part thereof. 

(b) For any lot, parcel of land, building or premises situated 
outside of the corporate limits of the City of Dayton, Ohio, 
and having any connection with the city sanitary sewerage 
system or otherwise discharging sanitary sewage, industrial 
wastes, water or other liquids, either driectly or indirectly, 
into the city sanitary sewerage system, said charge shall be 
based upon the quantity of water used thereon or therein 
as the same is measured by a water meter there in use 
which meter shall be to the approval of the Director of 
Water, and there shall be charged for the first 3000 cubic 
feet of water, or part thereof, so used per quarter year, the 
sum of One Dollar and Twenty-five cents ($1.25) ; for each 
thousand cubic feet of water used in excess of 3000 cubic feet 
and not exceeding 10,000 cubic feet, per quarter year, at 
the rate of Thirty-eight cents (38c) per thousand cubic 
feet; for each thousand cubic feet of water in excess of 
10,000 cubic feet and not exceeding 20,000 cubic feet per 
quarter year at the rate of Thirty-one cents (3lc) per 
thousand cubic feet; for each thousand cubic feet of water 
in excess of 20,000 cubic feet and not exceeding 100,000 
cubic feet per quarter at the rate of twenty-five cents (25c) 
per thousand cubic feet; for each thousand cubic feet in 
excess of 100,000 cubic feet and not in excess of 500,000 
cubic feet per quarter, at the rate of nineteen cents (19c) 
per thousand cubic feet; for each thousand cubic feet in 
excess of 500,000 ciubic feet per quarter at the rate of thir- 
teen cents (13c) per thousand cubic feet; provided that the 
minimum charge shall be One Dollar and. Twenty-five cents 
($1.25) per quarter year or part thereof. 

(c) In the event a lot, parcel of land, building or premises dis- 
charging sanitary sewage, industrial waste, water or other 
liquids into the City sanitary sewerage system, either di- 
rectly or indirectly, is not a user of water supplied by the 
Department of Water of said City and the water used 
thereon or therein is not measured by a city water meter, 
or by a meter acceptable to the Director of Water, then, In 
each such case the amount of water so used shall be other- 
wise measured or determined by the Director of Water in 
order to determine the sewer service charge or rental pro- 
vided in this ordinance, or the owner or other interested 
party at his expense may install and maintain a meter 
acceptable to the Director of Water for said purpose. 

(d) In case a lot, parcel of land, building or premises discharges 
industrial wastes, either directly or indirectly, into the City 
sanitary sewerage system, and the Director of Water finds 
that it is not practical to attempt to measure such wastes by 
meter, he shall measure such wastes in such manner and by 
such method as he may find practicable in the light of the 
conditions and attendant circumstances of the case, in order 
to determine the sewer service charge or rental, according 
to the corresponding rates per thousand cubic feet provided 
in this ordinance. 

(e) A discount of five (5) per cent shall be allowed for prompt 
payment. 

In addition to the charge or rental determined according to the 
rates specified herein a further charge of five (5) per cent of such 
amount so determined shall be added thereto in each case of 
failure to make prompt payment, and the total thus obtained shall 
be the sewerage service charge or rental in each such case. 

(“Prompt Payment” defined.—Editor.) 

(f) The sewer service charge or rental provided in this ordi- 
nance shall be payable quarterly at the office of the Depart- 
ment of Water, and, at the option of the Director of Water 
may be made payable at the same time as water bills in 
the district in which the property is located are payable. 

(g) (Exempts City, County, State, and Federal property except 
specified institutions.—Editor. ) 

Section 4. For any lot, land, building or premises from which 
connection is made with the City sanitary sewerage system or 
which begins to discharge sewage, any industrial waste, water or 
other liquids into the City sanitary sewerage system, either di- 
rectly or indirectly, after this ordinance becomes effective, a 
charge shall be made pursuant to this ordinance, the same to be a 
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per diem pro rata amount based upon the minimum rate per 
quarter from the time such sewer connection is made, or such 
discharge into the City sewerage system, either directly or indi- 
rectly, is begun, until the next following quarter period, except 
should the measured service exceed the minimum charge the cor- 
responding measured rate or rates shall be charged. 

Section 5. The charge or rental levied and assessed by this 
ordinance shall be payable in four quarterly payments in each 
year, as provided in Section 3, paragraph (f), hereof, provided 
that the amount of the rental payable for any lot or premises at 
the first payment period after this ordinance becomes effective 
shall be determined on the basis of a per diem pro ratement or the 
minimum charge herein established beginning with the date this 
ordinance becomes effective, except that in those cases in which 
the metered or measured charge will exceed the minimum charge, 
the metered or measured charge shall be the basis. 

Section 6. Each charge or rental levied by or pursuant to this 
ordinance is hereby made a lien upon the corresponding lot, land 
or premises served by a connection to the sanitary sewerage sys- 
tem of the City of Dayton, Ohio, and if the same is not paid 
within thirty (30) days after it shall be due and payable it shall 
be certified to the Auditor of Montgomery County, Ohio, who 
shall place the same on the tax duplicate of said county with the 
interest and penalties allowed by law and be collected as other 
taxes are collected. 

Section 7. The charges or rentals levied pursuant to this ordi- 


nance shall be collected by the Department of Water, and the 
Director of said Department shall make and enforce such by-laws 
and regulations as may be deemed necessary for the safe, eco- 
nomical and efficient management and protection of the City 
sewerage system and the sewage pumping, treatment and disposal 
works, for the construction and use of house sewers and connec- 
tions to the sewerage system, and for the regulation, collection, 
rebating and .refunding such charges or rentals. 

Section 8. The funds received from the collection of the charges 
or rentals authorized by this ordinance shall be deposited daily 
with the City Treasury and shall be accounted for and be known 
as the Sanitary Sewer Fund, and- when appropriated by the City 
Commission, shall be available for the payment of the cost and 
expense of the management, maintenance and repair of the City 
sanitary sewerage system and the sewage pumping, treatment and 
disposal works, and any surplus in such fund shall be used for 
the payment of the interest on bonds issued and outstanding or 
which may be issued to provide funds with which to pay the City’s 
portion of the cost of constructing such sanitary sewerage system, 
or part thereof, and such sewage pumping, treatment and disposal 
works and to retire such bonds when they mature, and/or for 
the enlargement or replacement of said sanitary sewerage system, 
pumping, treatment and disposal works, except that no part there- 
of shall be used for the extension of such sewerage system into 
unsewered areas. 

Passed by the Commission December 28, 1927. 





CITY OF OSHKOSH—-SEWERAGE COMMISSION 


CITY OF OSHKOSH—SEWERACE COMMISSION 


1e—CITY HALL TELEPHONE 0s SEPTEMSEn oo tone 





Typical Billing Forms 


The billing side of the Oshkosh, 
Wisconsin, form at right is in three 

sections, the sewer rental rates a 
being shown on the reverse side. 


SEWERACE SERVICE FOR QUARTER ENDING SEPTEMBER 30, 1020 


FIXED CHARGE ($1.40 PER YEAR) 


SERVICE CHARCE BASED ON 


THIS BILL MUST BE PAID WITHIN 15 DAYS. BRING BLL WITH YOU. 


Orrice corYr 


BALANCE 


{ METERED WATER 
I UNMETERED WATER 


TOTAL 








| SEN@ THIS STUB WITH MAL REMITTANCE } 





(RATE INFORIAATION ON BACK) 


SEPTEMBER 36, 1008 








































































































The billing form below ts used CITY OF OSHKOSH — SEWERAGE COMMISSION 
‘ ae BALANCE " L 
by the City of Lebanon, IIlinois SEWER RENTAL RATES 
‘ f , — « Annual Gued or basic charge for each connection to sewer spstem— 
; METERED Warea ~ 51.48 per your (48¢ per quarter) 
—teemel f Service charges for users of city water are 50% of the consumption 
’ a - charge of minimum charge for water furnished the user. In determnme 
TOTAL thie charge for residences, the average of the water bills renderell on the 
_ first days of April and July of each year is obtained and 50% of that 
raw average is the service charge for each of the four quarters of the year 
_— This methed is followed so as to eliminate sewer charges om water used: 
eas during the sommer moaths for sprinkling lawns and watering gardens, sod 
applies te residences only. In cases where this average cannet be obtained 
because of change in occupancy or for other reasons, the actual water cow 
sumption is the basis for determining the sewer charge. 
ee Ae EE 
, ' 
° ' 
POLIO..nccesseeseees STA. (A sasecticcsivne MCET. NO. .o.cccceeee+ee 
' To CITY OF LEBANON bDr., 
; CARD NO. .....-----++ 
1 FOR WATER AND SEWAGE DISCHARGED INTO THE GANITARY SEWER 
SORIIGE. sincceniqenccedhconcentctaauetecotsconcnsqenencssen eseneamnecee ' _ 
' REBSRIVED OO. cccccccesccccccccccccccsccccccc ccccccscocscccescoccsescoscesesos DMG En nwccccccecescces 6 > See 
BURGER 0occcccccccccccccccccccscceccccccccccccccccccccccecs seecces sees ; nn ieee aetinleed nianenienenents metinmannnbanmannnnta nana nietnn 
: xs ks sane! Pe ee GAL. AT 12c¢M {6S . 
' eon GAL. AT toc M = — 
L 
i (Shine i en ee) we el a 
' 
Te Sa Saree Serene © eterarececcnsedsonens ' TOTAL GAL. WATER CONSUMED .... 2. .....-.-.00cee | cee nneen eee ncneeees GAL. AT 8cM 
i] 
BEDUSTIONS. IF ANY © © ¢ © srcccssccsceserscecs i iin, eee o” 5) ©. schinnniieeiiebeelbiieneineent GAL. AT 70M —— 
' 
Se ee Pa Se See © asewenencsosnsonnnes 1 SR. ik. Clb GD GHRAIIIED © ccnccccenscscsnctsnsd ll detsesccsecenenerss @AL. AT ocM }|___ 
6 MINIMUM CHARGE 
MINIMUM CHARGE PER QUARTER i PER QUARTER - - ° 
AMOUNT - . ° ° ° . . . + ; AMOUNT e e e © e oe 18 — 
NO. OF DOWNSPOUTS NO. OF DOWNSPOUTS 
AT 28¢ ZACH PER MONTH ' AT 25¢ EA. PER MO. | — 
} baciall 
as « 646 6 « 5  o/ee ’ TOTAL - - 2 -© - + +146 
roms o 1 
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FINANCED 





RATE BASIS 
° 


SEWER RENTAL EXPERIENCE 























































































































e WITH REVENUE WATER THER BILLING METHODS REMARKS ON 
STATE & CITY POPULATION BONDS CONSUMPTION METHODS MONTHLY QUARTERLY DELINQUENCIES COLLECTIONS 
5 ———_—_————— = —— 
e ARKANSAS 
, Batesville 4,500 Yes Flat rate Yes Citizens protest. 
; Brinkley 3,046 Yes Flat rate Yes 
i] Fordyce Yes Flat rate Yes Some difficulty due to protests. 
Little Rock 80,000 Yes Yes Yes 6 to 8% Some protest from t it 
- Stuttgart Yos No. of connections 
, Waldron Yes Varies with service ’ Very little difficulty. 
4 West Memphis 2,900 Yes No. of fixtures Yes Negligible Few protests. 
tLORIDA ' 
'S Ft. Lauderdale (Max.) 40,000 Yes Yes Large meters Small meters Less than 5% 
y Tallahassee a 15, No No. of fixtures Yes 0 A few protests on first bill. 
1 GEORGIA 
Athens 22,000 No No. of fixtures 5% 
y ILLINOIS 
d Anna 4,000 Yes No. of connections Yes 0 
y Barrington 4,000 Yes Yes Yes 442% Few protests. 
’ Belvidere 8,123 Yes Yes Yes 53% 
d Edwardsville 6.500 Yes Yes Also flat rate Yes 18% Object to not having referendum 
+ Effingham $,301 Yes No. of connections Yes 10% 
Elmhurst 15,000 Yes Com‘l Flat rate residences Yes 2% 
r Kankakee 22,300 Yes No. of fixtures Yes (also bi-monthly) 6% No unusual difficulties. 
S Kewanee 17,000 Yes Yes 12% No difficulties. 
sanyo = ues Yes - Yes we 
’ Monmout y es Yes Yes 0 
| Rochelle 3,890 Yes Yes Yes No difficulties. 
Sullivan 3,300 Yes Yes Yes 4% No difficulties. 
r Waterloo 2,300 Yes Flat rate Yes Very small 
, West Chicago 3,900 Yes Water & sewer combined Yes $% 
ig West Dundee 1,800 Yes Flat rate Yes 1% Few mild protests. 
INDIANA 
D Bloomington 10.889 Yes Yes (discharges into sewer) Yes 4 = —— 
Goshen - es es (plus flat rate & connect. chg.) es difficulty. 
Kokomo 32,843 Yes Yes Also flat rate es 1% Some objections at first— 
La Porte 16,000 Yes Yes Flat rate Large users Small users 10% none now. 
Michigan City 000 Yes Yes Flat rate Yes 10% Very little difficulty. 
Mitchell 3.226 Yes Yes 0 
IOWA 
Cedar Rapids 60,000 Yes Yes Yes (also Pacsty Very small No difficulty. 
Ft. Dodge ,000 No Yes es 
lowa City 15,340 Yes Yes Yes Some protests. 
Mt. Vernon 1,500 Yes Yes Yes 
_ Dam 1,050 N N f Y¥ 0 
er lo ‘o. of fixtures me 
Providence 5,000 Yes Yes Yes 8% Slight difficulty with some. 
7,500 Partly Yes Also flat rate Metered Flat rate __ 0 __ Some objections to rate. 
LOUISIANA Flat rate on 
Jen 6.500 No water bill Yes 2% _ , 
MICHIGAN 
Ann Arbor 30,000 Yes Yes Partly Yes Less than 1% No difficulty. 
Battle Creek 45,000 Partly Yes Yes 4 to 6% Some complaints. 
Haven 8,345 Yes Yes Yes 4% 
Jackson $5,000 Yes Yes (based on winter months’ Yes No difficulty. 
Traverse City 13,000 No Yes ' Yes 5% Diffieulty at first only. 
NEBRASKA 
Adams $35 No Flat rate Yes 
Blue Hill 669 No Flat rate Yes 
Columbus 8,000 Yes Fiat rate Yes Less than 1% 
Lawrence 528 No Flat rate Yes 
Peru 835 Yes Flat rate Yes 
Trenton 86s Yes Flat rate Yes 
B i" 563,000 ¥ Yes (55%) = a as Month! ly & ll 
juftalo ; a en against real property onthly, quarterly & semi-annually 
_ Plattsburgh 13,347 Yes Flat rate and no. of connections Y: 
OHIO 7 pitta Ta 
Bedford 7,400 No Yes Yes 
: Berea 5,697 No Yes Yes 
Bowling Green 6,688 No Flat rate Yes Negligible 
Dayton 200,982 Partly Yes (Modified) Yes ° 
Findlay 19,363 Partly Yes Yes 6% No serious difficulty. 
Greenville 7,036 Partly Yes Yes None No difficulty. 
Mansfield 33,525 No Yes Semi- annually 5% A few protests at first. 
ae - ae Yes ves oust es ail 
e 68,763 No es emi-annu 
Toledo 290,718 No Yes Y T 50% but will be collected: loss not more than .03% 
PENNSYLVANIA 
Abington Township 18,500 No. of fixtures None 
Cheltenham Township 18,200 No No. of fixtures Annually Small > 
Haverford Township 25,000 No No. of fixtures Annually Few 
Jenkintown 5,000 Annually Small ' 
Media 5,000 No Yes Also no. of connect’ns Annually 5% 
Radnor Township 12,317 No. of fixtures Annually Small 
Sptngtele Township 5,000 No. of fixtures Annually Few 
+ Moreland Township 4,500 Partly Annually 10% 
TENNESSEE 
Lawrenceburg 3,500 Yes Flat rate Yes None 
Parsons 1,000 Yes Flat rate Yes 
TEXAS 
i Alvin No Flat rate Yes 5% No difficulties. 
Big Spring 15,500 No at rate Yes 
i Brownsville 25,000 No No. of connections Yes 1% Only few protests. 
= Christi 56,000 Yes Yes (with Yes 2% Some difficulty because no 
El Paso 102,000 Yes min. charge) Flat rate None deposit required. 
Jasper 4,500 No Flat rate Yes 5% 
La Feria 1,600 No No. of connections Yes 10% No protests. 
Lufkin 10,000 No No. of fixtures Yes None 
Mineral Wells 7,000 No No. of fixtures Yes 10% 
Raymondville 3,800 No Flat rate & fixtures Yes 30% Owners and renters disagree on 
Snyder 4,000 No Connections & fixt. Yes None who should pay. 
Sweetwater 15,000 es Yes Mone 
_Wharton 3.600 Yes Minimum 6 fixtures Yes None 
VIRGINIA a Be 
Berryville 1,200 Yes vies rate ‘ S>mi-annually 10% 
Christiansburg 2,000 No ° iat rate os % 
Herndon 1,000 Partly Flat rate Yes 
Roanoke San. Dist. 6,000 Yes Flat rate Yes None 
Williamsburg 3.778 Ne Fiat rate Yes 4% 
Winchester 12,500 No Flat rate Annually 1% 
WISCONSIN : 
Oshkosh 40,108 Mostly Yes Flat rate Yes 














(We recommend to the reader the 120-page brochure “Sewer Rentals,” recently published by the 
American Public Works Association, 1113 East 60th St., Chicago—Cost to non-members, $1.50.—Ed.) 
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THE AMERICAN BRASS COMPANY 


General Offices: WATERBURY 88, CONNECTICUT 








Everdur Metal 


For Sewage Treatment Equipment, Reservoir and Water Works Service 





FOR SEWAGE TREATMENT EQUIPMENT 





Air filter of secondary room of the Ward's Island Sewage Dis ! 
Plant. Framework of filter structure and filter holders are welded and 
bolted Everdur Sheet and Strip. Retaining mesh for filter is per- 
forated Everdur Sheet. Fabricated by American Filter Co., Inc. 








Control mechanicism of 12"' diameter Everdur float tubes. Designed 
by Krajewski-Pesant Mfg. Corp. for the Ward's Island Sewage 
Disposal Plant, New York City. 








Everdur* Metal, The American Brass Company's copper-silicon 
alloy, is offered as one of the most versatile materials available 
for the fabrication of sewage treatment equipment. It has 
given superior service in this field for more than eighteen years. 

Everdur, made in several types, consists essentially of copper 
and silicon, with controlled additions of other elements. The 
tensile strength, in wrought form, ranges from a minimum of 
50,000 Ibs. per sq. in. for annealed tank plates to approxi- 
mately 100,000 Ibs. per sq. in. in cold worked forms. Everdur 
alloys all possess high fatigue resistance and resistance to cor- 
rosion equal to or better than pure copper. There are Everdur 
alloys pr arte for hot working and for cold work, and, with 
two exceptions, these metals are readily welded by either the 
oxy-acetylene torch or the carbon arc. 


Applications 

The principal applications of Everdur for sewage treatment 
are as follows: coarse and fine screens, swing gates, built-up 
sluice gates, coarse bar rack aprons, effluent weirs and scum 
weirs, scum baffles and brackets, troughs, screen hoppers, ori- 
fices, baskets, anchors, ladders, float gage chain, valve 
springs, manhole steps, walkways, bars and plates, bolts and 
nuts, Electrical Metallic Tubing and Rigid Conduit. 


Advantages 


Because of its high strength, corrosion-resistance and weld- 
ability, Everdur has effected considerable economies in equip- 
ment previously made of heavy iron castings. Relatively light- 
weight wrought sheets of Everdur, assembled by welding, pro- 
vide much lighter, more easily operated, and more durable 
equipment. 

Everdur Metal costs less than most high strength corrosion- 
resistant alloys, and not only meets many of the definitely 
determined corrosion problems of sewage treatment, but also 
provides the necessary additional protection where the forces 
of corrosion are variable. 





*Everdur is a trade-mark of The American Brass Company. Registered in the U. S. 
Patent Office. ‘ 











Everdur bolts. 
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More than 100 of these Everdur weir plates, 3/16" thick, were installed in the concrete treatment tanks of the Coney Island Sewag 
ment Works. The 3/16" slots are 4" long, milled on ¥%" centers and relieved on the underside. 


e Treat. 
Plates are anchored with |" « 2h 








Peg OE = ee 











aie aimaenc tain Meas THE AMERICAN BRASS COMPANY 





Everdur Metal is performing highly satisfactory service as 
an engineering material in reservoir and water distribution 
tems. Convincing evidence of the superiority of Ever- 
ur for water handling equipment lies in the fact that it 
had been adopted before the war by the majority of manu- 
facturers of automatic domestic water heaters as the 
standard tank material for rust-proof tanks. 


Applications 


Its chief uses may be listed as: screens, screen frames, 
spillway fittings, flash board supports, bolts, steps, valve 
stems, flush box fittings and pipe. The largest use of 
Everdur for underwater equipment has been for concrete 
revetment installations in Mississippi River flood control 
projects. Hundreds of thousands of pounds of Everdur in 
the form of solid wire, stranded wire, clips, saddles, U-bolts 
and nuts have been used in the making, assembling and 
laying of the articulated concrete mattresses, which pro- 
vide the river bank protection. 





Advantages 


ea od 


Durable, corrosion-resistant installations in masonry 


Fabricating economies because of its weldability with 
the carbon arc and oxy-acetylene torch 


| . High tensile strength 


Engineering Service 


Members of the Technical Department of The American 
Brass Company will be glad to confer with Consulting and 
Sanitary Engineers regarding specific sewage treatment or 
reservoir and water works systems. A request for this 
engineering service entails no obligation. 


FOR RESERVOIR AND WATER DISTRIBUTION. SYSTEMS 














Everdur copper-silicon alloy screen frame in the gatehouse 
of a New England water company. 


Publications Furnished on Request 


E-11 (Everdur for Sewage Treatment Equipment) 

E-5 (Applications, Physical*Properties and Constants) 
E-6 (Everdur Bolts, Screws and Accessories) 

E-1 (Everdur Casting Ingots) 

E-13 (Everdur Tanks and Equipment) 

B-22 (Anaconda Electrical Conduit) 











OFFICES AND AGENCIES 


, ATLANTA 3,GA. . . . .  . 66 Luckie Street NewarRK 2,N. J. . . . . 714 Broad Street 

| Boston 10, Mass. . . . . 140 Federal Street New York 4,N. Y. . . . . + 25 Broadway 
Burrato5,N.Y. .. . . . 7 Sayre Street PHILADELPHIA 22, Pa. . 111 West Norris Street 
Cuicaco 7, Itt. . . 1326 W. Washington Blvd. PITTSBURGH 12,Pa. . . . 1228 Brighton Road 
Cincinnat1 2,On10 . . 101 West Fourth Street ProvIpENCE 3,R. JI. . . . 200 Chestnut Street 
CLeveLAND 14, On10° . +. 2906 Chester Avenue Rocuester 4,N. Y. . . 183 Main Street, East 
Denver 2,Coto. . . . 818 Seventeenth Street St. Louis 2, Mo. . . .. . 408 Pine Street 
Detroit 31, Micn. . . . 4174 Clark Street, S. SAN Francisco 4, Catir. . 235 Montgomery Street 
Houston 2,Texas . . . 6614 Harrisburg Blvd. SEATTLE 1, WasH. . . . 1338 Fourth Avenue 
KenosHa, Wis. . . . 1420 Sixty-third Street Syracuse 2,N.Y. . . 109 South Warren Street 
Los Ancetes 13, Catir. . 601 West Fifth Street WasHINGTON 5,D.C. .°' . 1511 K Street, N. W. 
Mitwaukee 7, Wis. . 229 East Lincoln Avenue WaTeERBURY 88, Conn. . . 414 Meadow Street 
MINNEAPOLIS 2, Minn. . 527 Marquette Avenue 

IN CANADA: 









ANACONDA AMERICAN Brass LiMiTED, General Offices, New Toronto, Ontario 
MontTrEAL Orrice: 939 Dominion Square Building 
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MINE SAFETY APPLIANCES CO. 
Braddock, Thomas & Meade Streets, Pittsburgh, Pa. 


District Representatives in Principal Cities 





M.S.A. Products include: Breathing Apparatus . . . Inhalators . . . Approved Dust 
Respirators . . . Masks of All Types . . . Gas Indicators . . . Gas Detectors ... 

Safety Goggles .. . Protective Hats and Caps . . . Edison Electric Cap Lamps... | 

Safety Belts .. . Safety Clothing . . . Dust Instruments . . . First Aid Equipment 


. « » Protective Hand Creams 


Descriptive Bulletins will be sent on request. 





M.S.A. COMBUSTIBLE GAS ALARM M.S.A. HYDROGEN SULPHIDE 
A development of the M.S.A. Research Laboratories. The DETECTOR 


Alarm is accurate, highly sensifive; operates any type of 


electrical warning signal or control and is sensitive to prac- A hand-operated instrument for quick detection and 


tically any combustible gas or vapor. Designed for permanent measurement of low but dangerous concentrations of hydrogen 
installation and continuous operation, sulphide in air—the only device of its type available. Provides 
the instrument may be set to respond itd, Beene a reliable method any workman 


at any point between 10% and 100%, 
of lower explosive limit. The Combust- 
ible Gas Alarm is well adapted to 
oe leakage of digester gas 
into boiler rooms, pump rooms, gas 
meter rooms, pipe galleries, and other 
‘enclosures. Uses ordinary 110-volt 
current. 


M.S.A. AMMONIA MASK 
Bureau of Mines Approved 
The most widely used mask wherever ammonia is 
employed or generated. All-Vision Facepiece covers M.S.A. EXPLOSIMETER 


entire face, offering complete protection to eyes as Model 2 
: well as lungs from the 


can use to test suspected at- 
mospheres, showing actual gas 
concentrations at the working 
place in amounts ranging from 
.0025% to .40% by volume, 
thus showing relative toxicity of 
atmosphere. Small, light, easy 
to carry and simple to operate, 
this Detector gives accurate 
reading in less than a minute. 





 — ee Mmmm i «§- - , 2 


A sensitive, compact, simplified combustible gas indicator for 


ammonia fumes. Wide- checking suspected atmospheres on-the-job to determine 
area lenses are equip ed whether combustible gases or vapors are present. Equipped 


with deflector which alanis oe with haar may — a 
‘ 3 «a user is free to operate the 
gg a hog instrument with one hand M 


. and the sampling line and 
connected by flexible probe tube with the other. o1 














tube to highly efficient Separate battery compart- ¢ 
ammonia - absorbing ment, cow-inan flew 
chemical canister. Entire hein... Miter... chamien, vs 
unit permits complete bere Moment, cad On. . 
working freedom and is ; signal bar to preven is 
exceptionally onasheah. cantata Magy with batteries connected are im- . 
able to wear. e' 
M.S.A. COMBINATION HOSE MASK 7 
M.S.A. CHLORINE MASK Officially approved by both the U. S. Bureau of 7 
Bureau of Mines Approved Mines and the American Gas Association. An extra- - 
Full protection against capacity, hand-operated blower furnishes one or two fr 
chlorine concentrations in workmen with fresh 
air is provided by this can- outside air through as 
ister-type mask. Unit is much as 150 feet of - 
equipped with All-Vision all- hose to each mask, per- 
Me va facepiece, which pro- mitting them to enter d 
vides unobstructed vision and work freely in any S 
through greatly - enlarged gaseous or oxygen-de- . 
lenses of shatter-proof glass. ficient atmosphere. - 
It adjusts easily and quickly, Other  fresh-air masks ‘ 
fits any face without drawing risen are also available in CC 
or binding, and permits both hand-operated and motor-driven types. The w 
natural breathing, hearing, All-Vision Facepiece is standard equipment on all $ 
sight and working freedom. M.S.A. Hose Masks. p* 











DESCRIPTIVE BULLETINS ON ANY OF THE ABOVE EQUIPMENT WILL GLADLY BE SENT ON REQUEST 
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SEWER SERVICE AND MAINTENANCE 





Radio Equipped Service and Maintenance Truck Proves Its Value 


By EDWARD P. DECHER 


Asst. Secretary and Purchasing Agent 
The Joint Meeting, Newark, N. J. 


First, it should be explained that the Joint Meeting is a Sewer 
Commission and is comprised of the following eleven municipali- 
ties: City of East Orange, Town of Irvington, Township of 
Maplewood, Township of Milburn, City of Newark, Village of 
South Orange, and the Town of West Orange, all being in the 
County of Essex. In the County of Union are the Township 
of Union, Township of Hillside, Boro of Roselle Park, City of 
Summit. 


carried on our two motor trucks: 
1 Hydrogen Sulfide Detector. 
1 Wolf Safety Lamp. ’ 
1 Combination Velocity Blower Hose Mask with Safety Har- 
nesses. : 
1 Carbon Monoxide Detector. 
2 Canister Type Gas Masks. 
Carbon Monoxide Detector Ampoules. 
2 Pairs Chippers Goggles. 








2%” Portable Air Blower. 

Combustible Gas Indicator. 

Industrial First Air Kit. 

Extra Safety Belts with ropes attached. 

Salt tablets for use in the prevention of 

heat sickness. 

1 1500 Watt Portable Electric Generator 
and Floodlights. 

The Joint Meeting has six employees on 
General Sewer Maintenance (see photo No. 
1) and all of these men have taken a course 
in First Aid which course was given by the 
Newark Safety Council. Besides being cap- 
able of administering first aid, all of the 
men are trained in the proper use and opera- 
tion of the many safety devices carried on 
our equipment at all times. 

Our ment are especially instructed in the 
use of the hose and canister type masks. 
The Joint Meeting will not permit any of 
its men to enter a sewer or any sub-surface 
structure with a canister type mask which is 


Bs pas tae ne 








No. 1—Radio Equipped Maintenance and Service Truck and Equipment 
(Henry Decher, Ass’t Foreman (left) and Crew) 


The Joint Trunk Sewer 

The Joint Trunk Sewer is constructed within the boundaries 
of the aforementioned municipalities. The original sewer was 
built in the year 1900 and is approximately 23 miles in length. A 
Supplementary Joint Trunk Sewer was completed in the year 
1930 to give a total of 54 miles of main trunk 


of no value in oxygen deficient atmospheres. 

We have heard of water service trucks 
that have been radio equipped. However, at 
the present time, I know of no other sewer 
truck equipped the same as the one owned and operated by the 
Joint Meeting, and I believe that it is the first sewer truck in the 
United States equipped with radio. 

In photograph No. 1 is seen the two maintenance trucks (the 
larger being the radio equipped unit), some of the equipment 





— 





sewer in all. 

The Joint Trunk Sewer at the present time 
is serving an estimated population of about 
305,000. The Sewage Treatment Plant is 
located in the City of Elizabeth, the final 
effluent ‘discharging into Arthur Kill. One 
can readily see that should our men and 
equipment be working in the Town of West 
Orange and an emergency should arise in 
the Boro of Roselle Park or at our Treat- 
ment Plant (the plant being about 12 miles 
from the Town of West Orange) a difficult 
task would be encountered in contacting the 
men or securing needed equipment. 





Our Truck Now Radio Equipped 


Because of the distances involved it was 
deemed advisable by the Hon. Peter A. 
Smith, Chairman of the Joint Meeting, to 
equip one truck, at least, with a short-wave 
receiving set for the purpose of reaching our 
maintenance and service crew in the shortest 
possible time in case of an emergency or a 
complaint received which justified attention 
with least delay. 


The radio set was purchased at a cost of 














$170.00 and installed on our three ton Inter- 
national truck. 


The following is a list of the equipment 


No. 2.—Some of the Equipment 
(See text for description and uses) 
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listed above (see Photo No. 2), and the General Maintenance Crew. 
Equipment 


Portable Generator 


On the left is our indispensable Homelite Portable Generator good for 110 volts 
D.C. and 1250 Watts. In center, the floodlight. Both are products of the Homelite 
Corporation of Port Chester, N. Y. 


With this generator we have several electrical tools and flood lights. These elec- 
trical tools have been found to be very satisfactory. We have never at any time 
found ourselves without proper lighting when emergency work is performed at night. 
We have approximately 200 feet of special extension cord, should the necessity ever 
require special lighting in our large sewers when repairs are made. A good portion 
of our sewers are in outlying territory where electric current to le supplied from a 
nearby house is impossible. 


It may be interesting to note that the Joint Meeting has two cast iron pipe sewers, 
one being 36 inches in diameter and the other 54 inches, which run parallel and lie 
on the top of the ground in the Townshiip of Union and each being approximately 
1500 feet in length without any manholes. It has been recommended by the Chief 
Engineer—Leslie E. West—that at least four manholes be built on each line and the 
type recommended are Hat-Flanges, with bolted covers. To install these Hat-Flanges 
our portable generator will play a very important part, that is for furnishing the 
current to drill the necessary holes in the present pipe in order to fasten on the Hat 
Flanges. If it were not for this machine it would require drilling these holes by hand 
or renting the equipment. 


On two occasions power failures were encountered at the Treatment Plant. We 
were able to supply the necessary light until the current was restored. Our generator 
has proven a very sound investment, if not an indispensable one. 


Blower, Hose Masks and Gas Detectors 


The next item in this photograph is the trunk-like case which contains the blower 
and the hose type gas masks. This piece of equipment is manufactured by the Davis 
Emergency Equipment Company, Inc. of New York City. On the top of this case are 
two carbon monoxide detectors, two hydogent sulfide detectors, and one combustible 
gas indicator. The last two items of equipment are products of the Mine Safety Appli- 
ance Co. of Pittsburgh, Pa. 


Portable Air Blower 


The last item in this photograph is the portable air blower (on the right) manu- 
factured by the B. F. Sturtevant Company of Boston. 


This piece of equipment has proven very satisfactory and is used in ventilating 
sewers before men are allowed to enter. It has also been used at our Treatment 
Blant in drying out the tunnels. There also appears on this photograph, hanging from 
the side of the truck, the headpiece and safety belt of the gas mask. This equipment 
as shown is carried at all times with the necessary First Aid equipment on this truck. 
A combustible gas indicator manufactured by the Davis Emergency Equipment Co., 
together with the duplication of the carbon monoxide and hydrogen sulfide detectors 
are carried on our other truck, ‘And another set is stationed at our Treatment Plant. 

The writer believes that no municipality can afford to be without the necessary 
safety equipment for the protection of their employees. While the cost of the afore- 











No, 3.—We find the Flexible Rod to Have Many Advantages 


Looking into the manhole are Henry Decher, Foreman, 
and (right) Corey W. Sanford, Superintendent of Sewers. 


W. W. & S. — REFERENCE & DaTA — 1945 














No. 4.—Pollard’s Port- 

able Platform Derrick 
(On the platform, a turbine wench; 
Superintendent Sanford, Portable 
Homelite Generator and Flood Light) 


mentioned equipment is most reasonable, it 
is priceless in the event of an emergency. 


Flexible Sewer Rods 


The Flexible Sewer Rod shown in Photo- 
graph No. 3 has proven to be a very satis- 
factory piece of equipment. This piece o! 
equipment, manufactured by the Flexible 
Sewer Rod Co. of Los Angeles has many 
advantages, such as can be seen. One can 
readily understand that the old method 
used in removing an obstruction in a sewer 
that only one man could be placed in a 
manhole, in a cramped position, at a time, 
thereby reducing his strength to a mint- 
mum when working. With a flexible sewer 
rod you can notice in the photograph that 
more than one man can be used and greater 











No. 5.—Our Chief Engineer, Leslie 
E. West, Demonstrates the Test for 
-Poisonous and Combustible Gases 
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pressure exerted, and the safety feature is 
that the men are on top of the ground at 
all times during this particular operation. We 
have found that an obstruction can be moved 
much faster with this piece of equipment 
than the methods used heretofore, and that 
more territory can be covered in a shorter 
time. There are also many other advantages. 


Portable Derrick 


The portable derrick shown in Photograph 
No. 4, manufactured by The G. J. Pollard 
Company of Brooklyn, N. Y., is known as 
the Pollard Portable Derrick. The platform 
on this derrick is large enough to transport 
our two Turbine Sewer Cleaning Wenches 
(Turbine Sewer Machine Co. of Milwaukee) 
with the drum and cables intact. 

These wenches, with the drums and cables, 
are rather heavy but can be easily placed on 
the derrick platform without much effort, 
due to the fact that the platform is only 12 
inches above the ground, This platform der- 
rick is equipped with a set of small rubber 
wheels in the center, and is towed on the 
rear of our truck from one job to the other. 

The derrick has a lifting capacity of 1000 
lbs. and can be swung in any position de- 
sired. It has been used to lower pipe on some 
of our repair jobs, and used in raising.tilting 
buckets out of manholes during sewer clean- 
ing operations. It has also been used very 
successfully in loading heavy manhole heads 
and pipe on our truck, therefore making 
loading much safer. This piece of equipment 
has proved highly useful. 





Rescue and First Aid Practice 


Photographs No. 6 and No. 7 show our 
employees giving a demonstration of the 
proper method of rescuing a man, should 
he be overcome while working. There may 
be a possibility that the reader seeing the 
photograph may criticize the fact that we 
permitted a man to enter a sewer or cham- 
ber without the proper equipment, however, 
this is not the case with the Joint Meeting. 
[ believe, though, that the fact can be ap- 
preciated that it is a hard task to have a 














man working in a sewer wearing a gas mask 
continuously, if the conditions under which 
he is working are absolutely safe. Extensive 
tests are made before any man is permitted 
to enter any of our sewers. We have quite a 
number of meter chambers which are far above the sewer line 
itself. These must be entered by our employees each week to 
change the meter charts, and in performing this duty it is not 
always necessary for a man to be equipped with a mask if condi- 
tions are safe, however, one can never tell when an employee may 
be suddenly attacked by some gas. For this reason our employees 
must go through a rehearsal such as pictured, so that they do 
not lose their technique and ability in case of an emergency. 


Compensation Insurance 


The Joint Meeting carries compensation insurance, which we 

lieve is very necessary. Regardless of how minor an injury 
may be, even to a small scratch on the finger, the employee must 
80 to a doctor for the necessary treatment. This is to insure their 
safety and to minimize claims against the Joint Meeting. 

Last year all of the employees of the Joint Meeting were inoc- 
ulated against typhoid fever. This was paid for by the Joint 
Meeting as a safeguard to its employees. The Joint Meeting 
makes every effort to see that its employees are protected from 
any hazards and makes it a practice to have a safety engineer 
from the insurance company make regular inspections of the 


equipment and Treatment Plant every month. And, at the same 
time the inspection is made a safety meeting is held by our em- 
employees, they having an opportunity to discuss problems pertain- 


ing to the plant with the safety engineer. 
Safety Equipment Demonstrations 


In June, 1938 the Commissioners of the Joint Meeting held a 
special meeting at the Treatment Plant for the purpose of gaining 


Nos. 6 and 7.—Rescue and Resuscitation Prac- 
tice Is a Requirement of the Joint Meeting 


as much knowledge as possible for themselves and the employees 
on safety measures. The principle speakers at the meeting were 
Mr. E. M. McCool of the Mine Safety Appliance Co., and Mr. 
L. W. Brendlen of the Davis Emergency Equipment Co. They 
gave a very splendid lecture and demonstration on the proper 
uses of the various safety devices used in connection with sewer 
work. This meeting was attended by approximately 100 officials 
connected with the municipal sewer departments in Essex and 
Union Counties, New Jersey. 


Employee Suggestion-Box and Prize Contest 


There is installed on the wall in the Treatment Plant a box 
known as the Suggestion-Box in which suggestions are deposited 
by our employees. Employees have continuously placed sugges- 
tions in this box and, after being given careful consideration, the 
most practical are tried. A number of the suggestions submit- 
ted have been found to be decidedly beneficial. It is a commonly 
known fact that men in constant contact with equipment are 
those most able to express its advantages and observe wherein 
improvements would bring about better results. The Commis- 
sioners of the Joint Meeting have discovered that many of these 
suggestions have resulted in a considerable saving in dollars. 
For this reason the Commissioners of the Joint Mecting have 
set up two prizes for a contest which is now in progress, giving 
each employee an opportunity to express his views as to what 
in his opinion would better serve the Joint Meeting as opera- 
tion of the Treatment Plant, maintenante of the sewers, safety 
of the employees, or any other item pertaining to the works 
in general. 
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Manufacturer of 


100% Self-Propelling Sewer Cleaning Machine 


The "SEWER SCOOTER" ° 


Reduces Cleaning Time 


75% to 80% 


Removes sand, 
gravel, rocks, 
bricks, mud, 
grease, broken 


rods, metals, etc. 





The “Sewer Scooter” is a self-propelling combination 
hydraulic device that operates from the force of the sew- 
age in the sewers. It has all the advantages of a flush 
tank as it will hold a head of water and discharge it 
when desired, with the additiorial advantage that it will 
move along as the debris is moved in the line. It can be 
operated with one to two foot head of water in the sewer, 
but in most places 6° head is sufficient for operation. 


The “Sewer Scooter” is designed to pass fixed obstruc- 
tions extending into the top half of the sewer, such as 
plumbers’ taps and crushed pipe. It will rise up and pass 
over, or around, obstructions in the bottom and sides of 
the sewer. This feature enables the machine to pass 
through places where drag buckets will not go. In some 
instances it will pass through where the rods can’t. In 
the event several obstructions are passed, and an im- 
passable obstruction is encountered, it can be pulled back 
through any opening it has 
entered. 


lf the “Sewer Scooter” goes 
through a line just cleaned 
by some other equipment, it 
will show the amount of 
dirt, silt and other accumu- 
lations that other machines 
failed to remove. 


The “Sewer Scooter” con- 
sists of a wheeled carriage 








Showing “Sewer Scooter”, 
with shield closed, in opera- 
tion in the sewer line. Force 
of the sewage causes it to 
move forward, piling up de- 
bris as it advances. 














Showing sand taken from a 21” sewer 320 feet long. The 
time required was three hours from start to finish. 








Sewage furnishes 





the operating 
power... no 
preliminary work 


required. 


frame with interchangeable shields to fit each size of 
sewer. It is operated by a line attached to the machine, 
which is retained on the top manhole level. It is low- 
ered into the sewer line to be cleaned, as shown by the 
sketch. The shield with its rubber rim seals the flow of 
the sewage, and as the head builds up the pressure 
causes the “Sewer Scooter” to move forward until it 
piles up enough debris to slow its progress. The shield 
is then opened by the attached line, allowing the sew- 
age to flush and move the debris along in the sewer. As 
the head drops, the shield is allowed to close and the 
“Sewer Scooter” advances into the line again. This is 
repeated all through the sewer line. 

When obstructions are encountered too heavy to be 
moved by flushing, the shield will push them by using 
the momentum of the moving: sewage in the line. This 
is done by flushing, and when the speed of the sewage 
reaches its highest point, the 
line is released allowing the 
shield to exert this force on 
the obstructions. 

The larger sizes will develop 
more power than is possible 
with any other equipment 
and still have only a small 
pressure per square inch on 
the wall of the sewer line. 







Showing shield of “Sewer 
Scooter” opened by the at: 
tached line, allowing the 
sewage to flush and move 
the debris along in the 
sewer. 
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EWER cleaning operations on a large trunk sewer system 
S give rise to many notions and ideas regarding best methods. 
The writer presents a few operation and maintenance “kinks” 
which have been evolved entirely by the field operation forces 
on the Los Angeles County Sanitation Districts’ system. Nothing 
new is claimed for the ideas and many an operation man may 
recognize in each, or all, a counterpart of what he daily practices. 


Sewer Cleaning 


The writer in the October, 1935, issue of WATER WorKS AND 
SewerAGE described the use of rubber beach balls for cleaning 
lines up to 30 inches in diameter. Above 30 inches the balls are 
expensive and hard to obtain so that for cleaning circular sewers 
larger than 30 inches in diameter the district forces use a form 
of “hoe” shown as Fig. 1. It is simply and easily made and can 
be assembled in the ordinary manhole without much trouble. 
In operation the “hoe” is assembled in the manhole and the 
proper sized flexible belting is attached to its downstream face. 
Belting is cut and fitted for each size of pipe from 30 inches to 
60 inches for circular pipe, and is properly stiffened with sheet 
metal as is required in the larger sizes. With the exception of 
the belting attached to the face of the “hoe,” the same equipment 
is used for cleaning all sizes from 30 to 60 inch pipe lines. 
; Following its assembly in the manhole, the “hoe” is thrust into 
| the downstream pipe and the trail line is attached to the tail 
2 board holding the weights. The sewage backing up behind the 
“hoe” propels it through the pipe, moving any accumulated debris 
ahead to the manhole below. 
. The “hoe” is surprisingly efficient in cleaning the sides and 
I invert of the line. Care must be taken to secure a reasonably 
e close fit between the pipe and the outer edges of the belting so 
that the belting will have to flex forward to permit the escape 
of water collected behind the “hoe” face. If this precaution is 
taken, and the tail board is suitably weighted, one may be 
assured that just about anything movable below the backed-up 
5 water line will be shoved or sluiced ahead to the next manhole. 
Like the pneumatic cleaning ball, described in the October, 1935, 


SOME SEWERAGE OPERATING KINKS 


By.A. M. RAWN* 


Associate Editor, Water Works and Sewerage 


issue of WaTER WorKS AND SEWERAGE, the “hoe” moves easily 
over obstructions. : 


Root Cutting 


Many types of root cutters have been manufactured and sold. 
A number have been tried on the districts’ lines. None of them, 
however, has proven much more efficient than the simple, inex- 
pensive device shown herein as Fig. 2. It is simply and easily 
made of ordinary butt-welded steel pipe of commercial sizes. 
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Fig. 2.—Root Cutter for Sewers of 12 to 36 In. Diameter. 
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Fig. 1—The Sewer “Hoe” for Cleaning Sewers Larger Than 30 In. Diameter. 
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To make it, take a piece of pipe about 18 inches long, serrate 
and sharpen the edges of both ends, and weld four shoes to the 
outside of the pipe. Affix halters for the pull and trail lines—and 
the job is done. 

For an 8-inch line job use a 6-inch diameter pipe and %4-inch 
strap runners or shoes. For a 12-inch line, use 10-inch pipe. A 
12-inch diameter pipe is large enough for a 15-inch line, and so 
on. The sharpened notches in the pipe ends should be rather 
deep and wide so that they may pinch and hold the root, tearing 
or cutting it loose as its point of entrance into the line at which 
point it is usually quite small and relatively weak. 

The pull line is thrust or pulled through with sewer rods, if 
it cannot be floated through the line. Pulley-blocks are thén suit- 
ably arranged at the downstream manhole so that pulling may be 
done with the maintenance truck. 

Lacking the proper diameter pipe for an operation, the opera- 
tion and maintenance crew once manufactured a similar root 
cutter from a discarded water tank salvaged from a dump heap. 
It is still used upon occasion. 


Air Relief Valve 


Fig. 3 illustrates a type of air relief valve used in the 3%4- 
mile (36 in. diam.) effluent pump line leading from the districts’ 
sewage treatment plant. The valve pictured is installed at a 
summit in the line about 2,000 ft. from the plant where air 
must be tapped off if the line is to operate efficiently. It is also 
important that none of the effluent escapes through the blow-off. 

A number of valves were tried but all operated with in- 
different success until that sketched was installed. As may be 
seen, it consists of a simple float operating a steel ball valve 
attached to the end of a section of %4-inch pipe. The ball seats 
in a ground valve seat tapered to catch and center the ball as 
it rises. The valve case is constructed from a 5-inch diameter, 
butt-welded, steel pipe. 

The secret of the mechanism is the small hole drilled in the 
%-inch pipe near the ball. This is to permit admission of air 
into the light metal float, equalizing the pressures inside and out 
on the float and preventing collapse of the thin metal cylinder. 
When first constructed the hole was omitted and the float 
promptly collapsed, rendering the valve ineffective. When re- 
built, the air inlet hole was drilled and the valve, operating about 
three times a minute, has been in continuous service for more 
than six months. 

It may be thought that condensation or -spray might eventually 
fill the float cylinder with water, and the writer admits having 
shared such a belief at one time. Convinced, however, by the plant 
chief operator who designed and built the valve, that if the float 
did eventually fill it could be easily drained and put back into 
service, the installation was permitted. Now it has been proven 
that the principle is sound. No water escapes through the valve. 


Grease Collection and Incineration 


At the district’s treatment plant, grease is skimmed manually 
from the tanks and burned. For a number of years skimmings 
were accumulated in galvanized iron cans and transported to 
drainage beds. When drained they were picked up in wheel- 
barrows and conveyed to the incinerator. 

Handling the galvanized iron cans was a dirty and expensive 
item of labor as was the spreading on drainage beds and the re- 
accumulation and transportation to the incinerator. The grease 





Wheel Barrow Used for Transporting Skimmings Containers 
to Incinerator. 
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draining beds were odorous in spite of all precautions and the in- 
cinerator ash was about 90 = cent sand—the latter being picked 
up with the grease from the beds. ’ 

The chief operator requested and received permission to con- 
struct the containers and transporting barrow. 

The container or pan may be made any convenient size. That 
shown holds about 3 cubic feet. Placed in the bottom of the pan 
and standing on a rigid framework which elevates it an inch off 
the pan bottom, is a %-inch square mesh screen, the purpose of 
which is to provide drainage for the skimmings. The pan is s0 
constructed that all drainage is toward the 14-inch pipe shown 
in the right front of the pan at the base. Drainage from the 
skimmings goes directly back into the sewage tank. 

The pan is filled with skimmings as they are taken from the 
sewage and permitted to drain for a couple of hours before being 
taken to the incinerator. Twelve such pans are in use 

For transporting the pans to the incinerator the pneumatic tire 
wheel-barrow (illustrated) was constructed and is used. The 
operator wheels up to the high side of the pan, steps across it 
and engages the forward cross brace in the two forward pan 
dogs, then upon lifting the wheel-barrow handles, the rod welded 
across the back of the pan catches in the two swinging hooks 
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Fig. 3—Air Relief Valve for Force Main. 


attached to the barrow handles, and the load is securely engaged. 
The penumatic tire prevents wear on concrete walls and cross 
walks; makes for easy rolling. 

It may be seen that when the pan is lifted the slope of the pan 
bottom is reversed and any water shaken out of the screenings 
during transportation stays in the pan until it is set down. 

At the incinerator a movable sheet metal storage pan is located 
in front of the charging door. The operator swings the loaded 
wheel-barrow handles over the storage pan, engages the pans 
back rod in the two forward dogs in the storage pan, releases his 
eer 4 and then tips the screenings into the storage pan with a 

ook. 

The pans are cleaned daily with hot water and once a week 
with grease solvent. The pans and the wheelbarrow were all — 
built in the plant shop by the plant operators. 
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FACTS on Sludge Incineration for every community 





planning modern sewage disposal 


Nichols Herreshoff Incinerators are successfully 
incinerating sludge produced by each of the 
basic methods of sewage treatment: Primary, 
Chemical, Bio-chemical, Activated—either in 


raw or digested condition. 


Nichols Herreshoff Sludge Incinerator installa- 
tions range in size from 4 tons of cake a day to 


1,200 tons of cake a day. 


Liquid sludge consisting of 85-90°/, water is 


being successfully incinerated. Where this type 


of plant can be installed, the saving in design, 


60 WALL TOWER, NEW YORK 5, N. Y. 





construction, chemicals, reduced maintenance 


and labor, make it a very worthwhile undertaking. 


Nichols Sludge Incinerators are meeting the 
needs of large and small communities for a 
sanitary, healthful and efficient means of dis- 
posing of sewage and industrial wastes. The 
installations are characterized by their simplicity 
of design, flexibility of operation and depend- 


able performance. 


Literature describing Nichols Herreshoff Incinera- 
tors is available and will be forwarded upon 


request. 





NICHOLS ENGINEERING & RESEARCH CORPORATION 


UNIVERSITY TOWER BLDG., MONTREAL, P. Q. 
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Oakland-7, Calif. . . Pittsburgh-19 . . 


LINK-BELT COMPANY 





Specialists in the Manufacture of Equip- ¥y 


Dallas-1 . . Demver-2 . . 

Louisville-2 . . 

Schenectady-5 . . 
Wilkes-Barre 

In Canada—Link-Belt Limited—Toronto-8 ; 

Shovel-Crane-Dragline Division—Link-Belt 


San Franciseco-24. . 









ment for Water and Sewage Treatment Plants 





CHICAGO-9 
300 W. Pershing Road 
Detroit-4 . . . Grand Rapids-6 . 
Minneapolis-S . . New Orleans-13 . . 
. St. Louis-1 . . Spokane-8 . . 


Houston-2., , 
New York-7 , , 


Los Angeles-33 . . 
Washington-5 , . 


Seattle-4 . 


Montreal; Vancouver; Swastika, Ont. 


Speeder Corp., Chicago-9, Cedar Rapids 














Consulting, municipal and sanitary engineers, and plant operators everywhere are invited to get the 
latest information on the Link-Belt products for grit washing, mixing and other services. Link- 
Belt installations are in service at hundreds of sewage treatment, sludge collection, screening, 
sewage and water treatment plants throughout the country... cities... towns... communities 
-.. army camps... air fields... naval basés ... ordnance works, ete. Catalogs sent on request. 






































Srraichtine COLLECTORS 


v4 t, 





of .especially processed malleable chain from which are suspend- 
ed at uniform intervals scraper flights usually made from red 
wood. Features are peak-cap bearings, pivoted flights, cross col- 
lectors for larger tanks, and positive sludge removal at a slow, 
uniform speed. Automatic or semi-automatic skimming equip- 
ment is furnished when required. 

Many installations are now in service in all parts of the coun- 
try and range in size from the smaller type plants as at | ap- 
pahannock, Va., with a capacity of 8°,000 G.P.D., to larger in 
stallations, such as Ward’s Island, N. Y., with a capacity of 
180,000,000 G.P.D., and Southwest Plant, Sanitary District of 
Chicago with a maximum capacity of 600,000,000 G.P.D. 

Many features of the Link-Belt StrAiGHTLINE Collector are 
patented. Send for Book No. 1742. 


Straicutune MIXERS FOR 
FLOCCULATION TANKS 


Link-Belt StrAIGHTLINE Mixers of the vertical or horizontal 
type have proved their value in reducing chemical costs and 
promoting efficient flocculation in water and sewage treatment 
plants. They consist of a shaft 
to which is fastened arms which 
carry either wood or steel pad- 
dles that can be pivoted so that 
the flights can be adjusted to 
obtain the exact degree of uni- 
form agitation. The maximum 
circumferencial speed of the 
mixers for flocculation tanks is 
1.8 f.p.s., and the minimum speed 
is about half of that. A gradual 
decrease in speed of the units is 
desirable for efficient floccula- 
tion. 

Send for Book No. 2042. 
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Link-Belt StraicGutTLine Sludge Collectors for the removal of 
sludge from rectangular settling tanks consist of two strands 














Drawing of Link-Belt Type ‘‘B"’ Cireu‘ine Collector. 


Circuune COLLECTORS 


Link-Belt CircuLine Collectors for the removal of sludge 
from round tanks consist of a flight conveyor suspended 
from a bridge, one end of which is pivoted at the center 
and the other end is mounted on standard rubber-tired wheels 
which travel around at circumference of the tank.. Features 
are: positive, slow, um- 
form speed; _ positive 
sludge removal and ex- 
cellent distribution of 
flow throughout the 
tank: improved  auto- 
matic scum collecting 
screw conveyor and 
scum receiving hopper 
as standard equipment 
Made in two standard 
sizes Type “B” for 
Tanks up to 55’ dia.; 
Type “A” for larger 
Link-Belt Type “‘A’’ Cireuline sludge collector in sizes up to 2‘) dia 


70-ft. diameter final settling tank at an army cam 1 : 
sewage treatment plant. ’ ° Send for Book No, 1982, 
Bio - Filtration 


BIO-FILTRATION SYSTEM FOR. Pi0- Filtration 
TREATING SEWAGE ment System 


with Link - Belt 
STRAIG HTLINE 
and  CIRCULINE 
Collectors brings 
new advantages. 
The system con- 
sists of high rate 
shallow filter 
beds and recir- 
culation of the 
effluent from 
the filter beds 
to the primary 
STRAIGHTLINE Collectors in primary and secondary set- {qn ks, Fea- 
thing tanks at Bio-Filtration Plant, Camarillo, Calif. res On0 great 
flexibility, high rate of B.O.D. loading and the ability 0! 
such a plant to handle strong domestic and industrial sew- 
age in single-stage or two-stage treatment, 2s required, 
large number of installations of this type are now in operation. 
Send for Folder No. 1881. 
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Straichtune BAR SCREENS 


Link-Belt SrrAIGHTLINE Mechanically Cleaned Bar Screens 
have spaced parallel bars 
on which the larger 
floating solids in incom- 
ing sewage collect, and 
a mechanically operated 
rake for removal of the 
accumulating solids, thus 
assuring an even flow 
of sewage through the 
channel. The machine 
may be set vertically or 
inclined, and used in 
small or large plants. 


Send for Booklet No. 


L & , 
STRAIGHTLINE Mechanically-Cleaned Bar are 1587 


at Sewage Pumping Station, Lackawanna, N. 


Srraichtune GRIT COLLECTORS 
AND WASHERS 


The Link-Belt SrrAicuTLine Grit Collector and Washer col- 
lects the settled grit and frees it from putrescribe organic matter. 
This unit con- 
sists of a scrap- 
er type collector 
with pitched 
flights, and an 
inclined wash- 
ing and dewat- 
ering screw to 
which the col- 
lector’ conveys 
and into which 
it discharges the 
grit at bottom 
of tank. Send 
for Book No. 
1942. 









INDUSTRIAL WASTE. SCREENS 


The Link-Belt Industrial Waste Screen is an efficient and eco- 
nomical unit for the removal of objectionable suspended solids 
from industrial waste before the water is discharged into sew- 
ers or streams. The 
screenings come off 
the machine with a 
minimum of mois- 
ture. Units are avail- 
able in several sizes 
and with coarse or 
fine screen medium. 
Wastes from can- 
neries, textile mills, 
steel mills, etc., are 
handled successfully 
by these screens. 
Send for Book No. 
1977. We also manu- 


je ou pe sereen separates refuse vo facture rotary screens 
r as receive rom beet pulp washers before dis- ¢ Sth. ” ileal 
charging to sewage system. for similar service. 


ENGINEERING DATA BOOKS ON ANY OR ALL 








TRITOR SCREENS 


The Link-Belt Tritor Screen, is a combination of screen and 
grit chamber. It is es- (i oo 
pecially designed for me- ea 8 > ae 
dium and_ small size 
plants. Its main ele- 
ments are a hopper, a 
bar screen, and a buck- 
et elevator for removing 
grit from hopper, the 
buckets being perforated 
for drainage. On return 
run, rake teeth on buck- 
ets clean the screen. Ad- 
justable baffles regulate 
velocity of flow through 
the hopper. 

Jooklet No. 1587. 


Straichtune SCUM BREAKERS 


The scum breaker is used in digestion tanks to paddle down 
and submerge the floating scum. It consists of two strands of 





TRITOR Screen, fully-enclosed type, at Salisbury 
N. C. Sewage Plant, 
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chain from which are suspended pitched flights which agitate 
the scum and carry it below the surface of the supernatant 
liquor. Features are rugged construction and automatic take-up 
where required. 


ROTO-LOUVRE HEAT DRYERS 


The Link-Belt Roto-Louvre heat dryer consists of a mechan- 
ically rotated horizontal drum with a series of internal channels 
near the circumference into which hot air enters, leaving then 
through slots to enter the inside of the drum, which contains the 














sludge; hot air entering the channels only when they are near 
the bottom, and thus all passing through the sludge. Due to this 
intimate contact of drying medium with material, high efficiency 
is obtained keeping flow space requirements at a minimum. Dry 
material discharges from dryer at a low temperature of about 
150° F and the unit is equipped with automatic controls that 
maintain the desired discharge moisture content. No cascading 
takes place, thereby minimizing degradation and wear. Send for 
Book No. 1911. 


LINK-BELT PRODUCTS WILL BE SENT ON REQUEST ¥ 


ear nad OF ee Tas = = a 7 
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ler and Wheel-Mounted types; and a complete line of elevati 





OTHER LINK-BELT WATER PURIFICATION and SEWAGE TREATMENT PLANT EQUIPMENT INCLUDES: Rotary Screens; Traveling Water-Intake Screens; 


Craw 


- Gear Variable Speed Drive for Pumps; Coal and Ashes Handling Machinery; Car Spotters and Haulage Systems; Shovel-Cranes-Draglines— 
ng, conveying, materials handling and power transmission machinery. Catalogs on request. 
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Flush-Tank Siphons and 
Regulators 


PRODUCTS: 


Floating Cover Digesters 
Sludge Gas Control Equipment 
Supernatant Treaters 
Supernatant Selectors 
Supernatant Gauge, Sight Glass Twin Tank Controls 


Condensate Drip Traps 
Rotary Distributors 
Sprinkling Filter Nozzles 


& Sampler Alternating Siphons 
Pre-Aerators and Grease Sewage Siphons 

Removers Tray Clarifiers 
Laundry and Trade Wastes Sludge Pumps 

Treaters Sludge Samplers 


Vertical Aeration Plate Helders Jointite Sewer Joint Compound 


OVER 450 INSTALLATIONS IN WAR SERVICE 


At army and naval establishments, ordnance plants and war 
housing projects, P.F.T. equipment is helping to maintain the 
health of America’s armed forces and war workers. 


P.F.T. FLOATING COVERS 

Efficiently and economically 
accelerate the digestion 
process, eliminate odors 
and safely collect gas for 
heating and power  pur- 
poses. Available in any 
practical shape for single 
or two-stage sludge diges- 
tion. Hundreds of instal- 
lations including the largest in the U. S. A. Described in Cata- 
log 232. 





P.F.T. SUPERNATANT SELECTORS 


A positive imeans of re- 
moving the most desirable 
supernatant liquor at a 
slow, continuous rate from 
any type of digestion tank, 
regardless of location of 
supernatant in the tank. A 
slotted tube holds back 
liquid containing excessive 
solids; lets through only 
clearest supernatant. Read- 
ily installed. Bulletin 143. Sampler properly controls rate of 
The P.F.T. Supernatant withdrawal, and makes sampling 
Gauge, Sight Glass and easy. Bulletin 243. 





P.F.T. ROTARY DISTRIBUTORS 
eee Provide a practical, efficient 
unit for dosing sewage to 
filter medium, in minimum 
area and with minimum pip- 
ing. Operate at minimum 
head, frequently eliminat- 
ing pumping. Features in- 
clude patented non-clogging 
spreader jets that assure full, even coverage of the filter bed; 
triple valves and a positive mercury seal. Bulletin No. 213. 
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RAVENSWOOD AVENUE, CHICAGO 


P.F.T. SPRINKLING FILTERS 

P.F.T. has available several efficient types of circular spray sew- 
age nozzles for application to the risers in sprinkling filter beds, 
Easy to install and clean. 
Designed to minimize clog- 
ging, and afford uniform 


distribution. Detailed in 
Data Book No. 130. 


P.F.T. COMBINATION AIR MAIN AND 
VERTICAL AERATION PLATE HOLDERS 


Provide an economical 
means of securing efficient 
air diffusion in activated 
sludge aeration tanks. These 
cast iron units make a sim- 
plifigd permanent air dif- 
fusion system with provi- 
sion for easy removal and 
maintenance of diffuser 
plates. Insure uniform air distribution throughout full length 
of tank. Write for data. 





P.F.T. ATOMIZING TYPE AERATORS 
have three applications. (1) 
Supernatant liquor treat- 
ment; essentially an aerator 
settling tank unit which re- 
returns to the head of the 
plant a_ treated effluent 
which will not cause oper- 
ating difficulties. Bulletin 
142. (2) Pre-treatment of 
laundry and trade wastes; 
as a combination aerator- 
settler unit which reduces grease content, suspended solids and 
B.O.D. Bulletin 141. (3) Pre-aeration and grease removal ; con- 
sists of a surface chamber to which a vacuum is applied as a 
means of mixing atomized liquids and solids with a large volume 
of free air. Unit is mounted in a small section of the primary 
clarifier. Bulletin 140, 





P.F.T. SLUDGE GAS CONTROL EQUIPMENT 


Consists of Flame Traps, 
waste gas pressure relief 
flame traps, waste gas 
burners, pressure gauges 
and other boiler room and 
accessory equipment de- 
signed to eliminate explo- 
sion hazards and to insure 
constant pressures. P.F.T. 
Flame Traps have renew- 
able elements which permi 
passage of gas but not 
flames. Valve in line 's 
closed when heat is suffi- 
cient to melt fusible plug. All described in Bulletin 121-A. 





Hush-Jank Co 


NEW YORK CHARLOTTE,WN.C. 
ea ee 8 SEWAGE TREATMENT EQUIPMENT EXCLUSIVELY SINCE 1893 
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SEWAGE TREATMENT PLANT OPERATION 


Various Sources 


By A. P, BANTA 


Asst. Engr., Los Angeles County Sanitation Districts, and 
Asst. Prof. San. Eng., California Inst. of Technology 


Pasadena, 


DAILY inspection of each major unit of the plant by the 
A plant operator should be made, any unusual conditions re- 
corded, and faulty conditions immediately remedied. The plant 
operating data should be fully compiled each day, and kept, as 
an aid in maintaining the plant in proper operating condition. 
Such records are valuable for future reference and as evidence. 

It is especially important that the daily flow or rate of flow 
of sewage reaching the plant be measured and recorded. Methods 
commonly employed to determine sewage flow are as follows: 


1. Weir measurements. 

2. Counters on dosing tanks of known capacity. 
3. Capacity of pumps and period of operation. 
4. Recording meters (Venturi, weir, etc.). 

5. Dosing tank period for filling. 


Records of power consumption and supplies, tools or chemi- 
cals obtained should be maintained. A daily log book for keep- 
ing such records and information concerning general or unusual 
conditions is very useful. 

The air temperature, wind direction and general weather con- 
ditions should be recorded daily. This information is valuable 
in the investigation of nuisance complaints such as odors. 


It is also essential that a few simple tests be made to deter- 
mine the efficiency of separate units of the plant or of the plant 
as a whole. The results of these tests and a record on operation 
will : 

1. Indicate to the operator whether the plant is or is not 
functioning properly. 
Aid the municipality or institution in case of law suits 
resulting from alleged pollution or nuisance. 
Assist consulting engineers in planning changes or addi- 
tions to the plant. 
Enable the officials responsible for the operation of the 
sewage disposal plant to prepare reports to the public and 
to the State Department of Health on the operation and 
efficiency of the plant. 


The operator should have for ready reference plans or blue 

print designs of the plant, showing the dimensions of each unit 
and all pipes, valves, gates, etc., in order that he may be able 
to fully understand the construction and operating details of 
the plant. 
_ A competent sanitary engineer can materially improve operat- 
ing conditions through guidance and advice. It would be advis- 
able for municipal or other officials to retain consulting engi- 
neers, or an experienced operator from a nearby plant, for a few 
years after completion of a new plant in order to supervise plant 
operation. Operating difficulties may frequently be prevented or 
readily corrected by following their advice. 

Operators of sewage treatment plants should always remember 
that sewage gases are combustible and also explosive under cer- 
tain conditions. Such gases may be toxic and asphyxiating. It 
is, therefore, necessary to take unusual precautions where such 
gas may be present either in the sewer system or at the treatment 
plant. No open flames or other sources of ignition should be 
permitted. Adequate ventilation of manholes and other similar 
enclosures before entering is always advisable. Moreover, no 
one should ever enter a place where such gases are likely to be 
present without an emergency rope attached to his person and 
two watchful attendants stationed outside. When the gases are 
toxis, i. e., containing poisonous gases, a special gas mask should 
also be used. 

The following are a few fundamental details of the proper 
operation of sewage treatment plants. Local conditions may alter 
somewhat the following operating details but in general these 
notes give a resume of the operating procedure for the various 
types of treatment described. 


Grit Chambers 


Hy Grit chambers should be cleaned after every large storm. 
- Grit chambers should be cleaned whenever tests show that 
© grit compartment (the compartment below the inverts of 


> 





California 


entering and outlet channels) is filled with hard material to 50 
or 60 per cent of its capacity. . 

3. The grit should be promptly disposed of by burying it or 
drying it on sludge beds. If it is sufficiently clean, it may be 
used for filling in low land. 


Coarse Screens (!/2-Inch to 3-Inch Openings) 


Screenings, unless properly disposed of, are frequently a serious 
source of nuisance at a treatment plant because they decompose 
readily, giving off obnoxious odors. They will also encourage 
the breeding of rats and flies unless properly cared for. Further- 
more they are unsightly and repulsive to visitors. 


1. Remove the screenings twice daily or oftener if necessary 
to prevent clogging of the screen and consequent backing 
up of sewage in the outfall sewer. 

2. Promptly dispose of screenings by: 

(a) Burial, covering by at least 12 inches of earth, either- 
by ploughing under the soil or shallow trenching. They 
may be placed in trenches, treated with borax, chloride 
of lime, or other disinfectant and covered with earth 
as early as possible. 

(b) Incineration where possible. 

(c) Grinding, either returning ground material to the sew- 
age flow or mixing it with the primary tank sludge 
going into digesters. 

3. Clean the screen chamber, removing all accumulated sludge 
and grease, at least once a day. 


Fine Screens (!/2-Inch or Less) 


1, Fine screens are usually continuously mechanically cleaned, 
either by water, air or revolving brushes, and therefore all 
moving parts should be properly lubricated to keep them 
in proper working condition. 

2. Remove and dispose of screenings promptly by: 

(a) Mixing with garbage and incinerated. 

(b) Dewatering by pressing, and then incinerating or bury- 
ing the solids. 

(c) Burial, covering by at least 12 inches of earth, either 
by ploughing under the soil or shallow trenching. They 
may be placed in trenches, treated with chloride of 
lime, or other disinfectant, and covered with earth as 
early as possible. 

(d) Digested with other solids removed by sedimentation. 


Septic Tanks : 


1. Sludge and scum should be removed whenever they accumu- 
late to a combined depth equal to %4 the depth of the tank below 
the flow line. 

2. Sludge should be removed when large suspended particles 
are observed in the effluent, or when the daily test of settleable 
solids in the Imhoff cones shows any appreciable increase of 
settleable solids in the effluent. 

3. All inlet and outlet channels, pipes, weirs, valves, etc., 
should be kept clean and free from accumulations of grease and 
grit. 


Mechanically Cleaned and Plain Settling 
Tanks with Separate Sludge Digestion 
(A) Plain Settling Tanks: 


1. The settled solids should be completely removed at frequent 
intervals, at least twice daily, from the settling tanks to the 
separate sludge digestion tanks. Mechanical equipment installed 
for the collection of sludge should be operated for a sufficient 
length of time before drawing sludge to insure complete re- 
moval of the deposited solids. 

2. Septic action in the plain settling tanks as evidenced by 
“gassing” or rising sludge or an appreciable increase of settle- 
able solids in the settling tank uent should be avoided by 
prompt and regular removal of sludge to the digestion tanks. 
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3. Grease and scum should be removed at least daily, using 
the mechanical skimming device or by using a perforated hand- 
skimmer and the tanks should be maintained in a clean appear- 
ing condition at all times. 


{8) Separate Sludge Digestion Tanks: 


1. The contents of single tanks should be stirred or agitated 
at intervals by recirculation or other means to assure proper 
“seeding” of the fresh solids and to afford rapid and efficient 
digestion. Such stirring also lessens the chance of acid produc- 
tion, “foaming” difficulties, and excessive scum formation. Where 
there is surplus capacity or stage digestion this operation is of 
doubtful benefit. 

2. Where heating coils or other adequate means of heating 
the contents are available, the temperature should be maintained 
at about 85° F. 

3. The amount of fresh solids added daily should not be over 
one twentieth (5%) of the amount of “ripe” sludge in the tank, 
on the basis of the dry solid content of each. 

4. Care must be used in removing digested sludge to avoid 
the removal of such a large amount that the ratio of “ripe” 
sludge to fresh sludge added drops below twenty to one. 

5. By concentration tanks or otherwise the solids content of 
the sludge added to digesters should be as high as is practical 
to avoid loading the digesters with liquid which reduces the time 
of the solids in the digesters, creates undue disturbance and 
chills the contents. This matter is far more important than is 
generally realized. 


‘Imhoff Tanks 
1. Sedimentation Compartment: 


(a) Grease and scum in the sedimentation compartment 
should be removed daily. This is best accomplished 
where no mechanical means is provided, by the use of 
a dish-shaped perforated skimmer. Such grease and 
scum should be promptly disposed of by burying or burn- 
ing. Where objectionable conditions are not likely to 
develop, the grease and scum may be placed in the gas 
vents. 

(b) The sides and slopes of the sedimentation compartment 
should be carefully scraped with a rubber squeegee and 
all solids pushed down through the slots at least twice 
a week. 

(c) The slot in the bottom of the sedimentation compart- 
ment must be kept open and free from obstruction of 
any kind. At least once a week the slot should be 
cleaned by the use of a heavy chain drag, taking care 
to traverse the entire length of the slot. 

(d) Failure to carefully follow the foregoing operating pro- 
cedure will usually result in an effluent of inferior qual- 
ity and where a trickling filter is used there will be 
deposits and accumulation of solid material on or in 
such filter, due to grease, scum or sludge being carried 
through the tank. 

(e) Where the design of the tank will permit, the direction 
of flow through the sedimentation compartment should 
ke reversed at least once a month, in order to distribute 
the solids uniformly in the digestion or sludge compart- 
ment. 


2. Gas Vents or Scum Compartment: 


The scum in the gas vent should be broken up at least weekly 
to afford an easy escape for the gas from the digestion or sludge 
compartment. Control of the scum may be accomplished by 
some of the following treatments: 

(a) Breaking the scum up with a hoe, rake, or other suit- 
able tool. 

(b) Hosing the scum in the gas vents with water under 
pressure. 

(c) Punching holes through the scum at two-foot intervals 
with a wooden pole. 

(d) The scum may be removed and dried in a sludge drying 
bed if its depth approaches 2 to 3 feet in the vents. 
Usually it burns readily and if incinerated may create a 
hazardous flash, due to grease content. 

(e) Treatment of the scum in the gas vents daily with 
hydrated lime at a rate of about 10 lbs. per 1,000 popu- 
lation has been found to be helpful in controlling ex- 
cessive scum formation and to aid in maintaining the pH 
value of the digesting sludge. 


3. Sludge Compartment: 


(a) The height of the sludge in the sludge compartment 
should be determined at inlet and outlet ends of the tank 
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at least once a month. The use of a pump for this pu.- 

pose is the most desirable and satisfactory. The use of 

the plate or disc method is not usually satisfactory. The 
following are suitable methods for measuring the depth 
of sludge: 

(1) One method involves the use of a pitcher pump 
provided with a rubber suction hose, weighted on 
the end and the length marked on the hose at in- 
tervals of 2 feet, measuring from the weighted end 
toward the pump. The hose is gradually lowered 
through the slot in the sedimentation compartment, 
meanwhile constantly pumping, and the length of 
immersed hose, when sludge first comes through 
the pump is determined. When the sludge eleva- 
tion is reached, the pump will usually “choke” be- 
fore sludge appears. 

(2) The sludge depth may also be determined by use of 
an iron plate or weighted wooden block, about 12-18 
inches square, attached to a wire or chain lowered 
through the gas vent. The plate or block will stop 
when the sludge is reached and the distance from 
the surface to the sludge level is determined from 
the graduated wire or chain by which the device is 
lowered. The pump method is by far the most 
positive procedure. 

(b) Sludge should be removed: 

(1) Whenever the sludge depth approaches within 18 
inches of the slot in the sedimentation compart- 
ment. 

(2) In small amounts at frequent intervals rather than 
in large amounts at longer intervals. Usually some 
sludge should be drawn every month. 

(c)- Sludge should be removed at a slow regular rate to 
avoid the formation of a channel through the sludge in 
the sludge compartment and the withdrawing of partially 
digested sludge or the liquid above the sludge. 

(d) If sludge does not flow readily, it may be started by: 
(1) Agitating with water under pressure through per- 

forated water pipes in the bottom of the sludge 
compartment, if such pipes are available. 

(2) Applying water pressure through hose immersed 
into the sludge compartment or through: the sludge 
riser pipe. 

(3) Agitating around sludge inlet with long rods 
through the sludge riser pipe. 

(e) Avoid withdrawal of all the sludge from the tank. Leave 
sufficient digesting or “seed” sludge to prevent the diffi- 
culties incidental to starting a new or completely cleaned 
tank. Usually not over half the depth of sludge in the 
tank should be removed at any one time. 

(f) After use the sludge pipes should be flushed out and 
refilled with water or sewage to prevent the sludge from 
hardening and clogging the sludge pipes. 


4. “Foaming:" 

There are a number of possible causes for “foaming” such as 
industrial wastes like milk or cannery wastes, “mash’’ or “wine 
wastes, drawing out too much sludge at one time, or increased 
temperatures in the sludge compartment. Foaming is almost in- 
variably associated with an “acid” condition of the sludge and 
in such cases may be minimized or corrected by treatment to 
counteract the acidity. However, there is such a thing as alkaline 
foaming but it is not common. $ 

When foaming occurs, there are a few simple treatments which 
may under certain conditions remedy or improve the condition. 

(a) Relief may sometimes be obtained by drawing some 
sludge. 

(b) Hosing the gas vent area with water under pressure 
will sometimes help. ; 

(c) Cutting the tank out of service if possible and allowing 
it to rest will permanently improve conditions. 

(d) Paddling the foam with long-handled hoes is also tem- 
porarily effective. a 

(e) Hydrated lime added through the gas vents at daily in 
tervals will frequently correct a foaming condition. 

({) Treatment of the raw sewage with chlorine at rates 0 
20 to 50 pounds per million gallons will often bring 
foaming under control. 


Trickling or Sprinkling Filters 
1. The nozzles should be inspected daily. All clogged noz- 
zles should be cleaned and any broken nozzles repla 
2. The surface of the filter bed should be kept free from 


lant growths. 
3. The formation of ponds or “pooling” on the surface of the 
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filter bed may be remedied or prevented by: 

(a) Flushing the surface of the filter with a fire hose. 

(b) Raking or forking the surface of the filter bed. 

(c) Punching holes through the top layer of the filter 
medium with iron bars. 

(d) Heavy applications of chlorine, chlorinated lime or 
other chemicals for short periods applied directly to 
the bed surface or in the filter bed influent at the 
dosing tanks. The treatment is usually most effective 
and economical if applied to the low night flows of 
weak sewage. 

(e) Operation of units may sometimes be improved by 
cutting them out of service occasionally for a period 
of 12-48 hours. 

4. Where the design of the filter bed will permit, the presence 
of large numbers of filter flies may be controlled by periodic 
flooding of the filter beds. Chlorine application, as for 
ponding, is also very helpful but not a 100% effective rem- 
edy. In flooding the sewage it should be chlorinated to 
delay oxygen depletion and septic action during the holding 
eriod. 

The distribution piping should be flushed periodically. 

The underdrains should be flushed out occasionally with 

water hose or other suitable flushing devices, if the filters 

are so constructed as to make this possible. 

Where revolving distributors are installed, frequent inspec- 

tion of water or mercury seals should be made. 

8. Where revolving distributors are installed, the flow from 
the nozzles should be adjusted so that the flow delivered 
is proportional to the area covered, i. e., the end nozzle 
should deliver twice as much as the one half-way out from 
the center. The center nozzles should deliver very little 
flow—only thin share for the ratio of area covered. 
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Secondary or Final Settling Tanks 


1. The sludge should be removed frequently to prevent septic 
action and gasification of the solids which results in discharge 
of solids with the final effluent. This cleaning is usually neces- 
sary at least once a month, or oftener, during the summer season. 

2. The depth of the sludge should be determined at frequent 
intervals by the use of a sludge sounder or other device. 

3. The sludge may be disposed of in the same manner as sludge 
from primary settling tanks, i. e., pumped into primary settling 
tanks or into separate sludge digestion tanks direct for digestion. 
In the latter case density of the sludge is an important considera- 
tion to perclude the effects of dilution on the digesters. 


Sludge Drying Beds 


1. Sludge beds should not be filled to a depth of more than 
12 inches or to such a depth that the sludge cake cannot be re- 
moved within two weeks in good drying weather. 

2. The surface of the drying bed should be kept clean and free 
from all previously discharged sludge. Never discharge wet 
sludge upon dried or partially dried sludge. 

3. The surface of the sludge drying beds should be kept nearly 
yay be afford an even distribution of sludge over the surface of 
t . 

4. Dried sludge may be used for fill, buried, or spread upon 
the ground, where it will not be carried into a stream or water- 
course by rain. : d 
_5. In many communities the sludge is readily disposed of by 
giving or selling it to nearby farmers for use as fertilizer. This 
should be encouraged as sewage sludge has been found to have 
fertility and soil improving values. It is not advisable, however, 
to use it for the fertilization of crops which are served in an 
uncooked condition. For best results the sludge cake should be 
shredded or pulverized before attempting its sale. 


Sand Filters 


1. The beds should not be used continuously but sufficient time 
should be allowed between doses for the bed to drain thoroughly 
and “rest” between applications. Satisfactory operation of a fil- 
ter bed depends on the presence of oxygen in the bed and there- 
fore opportunity for the entrance of air into the bed must be 
provided by the “rest” periods. ‘ 

2. The beds should be periodically cut out of service, allowed 
to dry and the surface raked or scraped clean. 

3. “Pooling” should not be allowed to develop on the beds 
as this tends to produce septic action, obnoxious odors and an 

t of poor quality. Pooling indicates that cleaning is nec- 
essary. Fr tly a harrowing is all that is required. Eventually 
skimming will be required. e 

4. The surface of the beds should be kept level to afford uni- 

form distribution of the sewage. 
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. - Weeds, grass, etc., should not be allowed to grow on the 
eds. 
6. The depth of the bed should be maintained by removing dur- 
ing cleaning only the least possible amount of sand. Once a 
year clean sand should be added to replace that removed during 
the year. 

7. Where natural sand percolation beds are used it is some- 
times advisable to shallow harrow the beds after careful re- 
moval of all organic deposits. 


Chlorination 


The purpose of chlorination is to prevent bacterial contamina- 
tion of streams or other bodies of water, used for municipal or 
industrial water supplies, irrigation, shell-fish growing, recrea- 
tion or bathing. 

The effective chlorination of sewage or sewage effluents de- 
pends upon the presence of adequate quantities of chlorine at all 
times in all portions of the sewage for sufficient time to provide 
the necessary period of contact between the disinfectant and the 
bacteria in order that disinfection may be efficient. 

The strength of any sewage varies greatly with seasonal 
changes, with the days of the week and during the hours of the 
day. The amount of chlorine required varies accordingly. 

1. Chlorine should be applied in sych qua*tity that there will 
be a residual of at least 0.5 p.p.m., as determined by the ortho 
tolidine test, after 15 minutes contact of chlorine with the sew- . 
age or the effluent, depending upon whether pre- or, post-chlorina- 
tion is practiced. 

2. The test for residual chlorine should always be made at the 
time when the sewage or effluent is the strongest or when it re- 
quires the largest amount of chlorine for treatment. 

3. Weigh chlorine tank each day at the same time to deter- 
mine the amount of chlorine used during the preceding 24-hour 
period. 

4. The chlorine must be applied continuously in the proper 
quantities. 

5. Before connecting a-new chlorine cylinder to the control 
apparatus, blow off some of the chlorine from the new cylinder 
into the air in order to prevent clogging of the apparatus. Store 
the empty cylinders apart from the full ones so as to avoid mis- 
taking empty cylinders for full ones. 

6. Examine the chlorine apparatus daily and if any trouble 
is found which cannot be corrected by the operator, notify your 
superior at once. 

7. It is not advisable to draw chlorine from any one cylinder 
at rates higher than 40 lbs. of chlorine in a 24-hour period, be- 
cause of the danger of “freezing” and slowing up the chlorine 
flow. If more chlorine is necessary, two or more containers 
should be connected and used in parallel. 

8. The operator should always have on hand a stock of the 
usual replaceable parts for the chlorine apparatus and a reserve 
supply of chlorine cylinders. 

9. Leaks in the chlorine apparatus should be promptly repaired 
to prevent corrosion of the equipment and structures. Such leaks 
may be detected by the formation of white fumes when tested 
in the immediate vicinity with the vapors from an ammonia solu- 
tion. (Household ammonia is satisfactory). 

10. During cold weather heating facilities should be provided 
to maintain a temperature of 60° F. and never less than 50° F., 
in order to prevent so-called “freezing” in the chlorinator and 
stoppage of the chlorine flow. It is frequently necesssary to 
heat the water supply to the tray of the chlorinator to prevent 
“chlorine-ice” formation. 

11. Chlorine is a liquid when under pressure in the cylinders 
and is an irritating gas which is heavier than air when released. 
It may produce serious after effects if inhaled. A satisfactory 
gas mask should be available at all plants where chlorine is 
handled. 


Activated Sludge Tanks 
1. 


Sludge percentage tests (settling for %4 hour a liter gradu- 
ate) should be run twice daily on the mixed liquor of the 
aeration tanks, sampled at the half-way point. 

When the sludge percentage of the mixed liquor exceeds 

30% (300 c.c. in the liter graduate), sludge should be with- 

drawn. Some plants have been found by experience to op- 

erate more efficiently at a lower per cent. 

3. Excess sludge should be wasted into the raw sewage if pri- 
mary sedimentation is practiced or wasted directly to di- 
gesters or via thickener tanks if these are provided. Such 
tanks are an important adjunct to the functioning of di- 
gesters. 

4. Direct drying of untreated sludge results in odor and fly 
nuisance. 

5. For small plants, dissolved oxygen tests on the effluent 
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from samples taken from the clarifiers should be run daily. 


B. O. D. and suspended solids tests on the effluent should 
be run at least twice weekly. 

6. Cracked or leaking air diffusion plates should be watched 
for and quickly repaired. 

7. Air and sewage regulating valves should be operated at 
least once a month to insure against sticking. 

8. Bulking is said to occur when unusual amounts of sus- 
pended solids pass out with the effluent. It may sometimes 
be controlled by one of the following practices: 

(a) Increasing the supplied air or reducing the solids car- 
ried in the aeration units. 

(b) Continuously adding lime sufficient to bring the pH up 

to 9.0 (for small plants). 

c) Adding small amounts of fine clay (for small plants). 

d) Moderate chlorination of the returned sludge. 

e) Bypassing the sewage until condition is corrected. 

f) Eliminating industrial wastes from the sewerage sys- 
tem when these are proven to be causative. 

If bulking becomes a chronic problem, the administrative au- 

thority should be fully informed and an investigation by a com- 

petent sanitary engineer recommended. 

9. Air pressure on this diffuser manifold should be recorded 
regularly, as increase in pressure results in increased power 
cost. “4 

10. Operation of final settling tanks is similar to operation of 
primary settling tanks. 


OR 


Neatness, Cleanliness, Beautification 


1. It is very easy for a sewage plant operator to become negli- 
gent. The appearance of his plant reflects in most cases his own 
character. 


2. A limited planting of shrubs and trees will add 
the appearance of a plant. Most administrative authoritie. 
properly approached, will provide at least in a smal] way ‘to 
this improvement. Select hardy plants which require a minit “4 
of attention. —_ 

3. Paint is an investment. A plant where paintin 
will soon require expensive replacements. Learn 
about paint; many conditions require special paint. 

4. A set of neat, well-kept records is a convincin 
when an operator is asking for improvements. 


5. A clean plant is usually a well-run plant. 


6. An untidy plant is a hazard to life and limb. Sjj 
steps, unused equipment left in the way, can be the cause of a 
nasty fall. 


7. Work around sewage is always subject to health hazard: 
extra care and cleanliness are, therefore, essential. A first-aid 
kit should be on hand and used for even minor injuries, Ay. 
range for prompt medical service for more serious accidents 

8. Make a study of the life cycle of flies and mosquitoes. 4 
knowledge of this subject will enable an operator to control with 
a little thought and effort, most insect nuisances. 


Last but Not Least 


9. Join and take an active part in your local sewage works 
association. The journals and the exchange of operating experi- 
ence with other members is a rich source of progressive ideas. 
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FLEXIBLES 


STANDARD CITY SET 


OUR city can save time, money and labor 
in sewer cleaning operations with this Stand- 
ard City Set of Flexible Sewer-Rod Equipment. 
With these tools a few men can clean more 
underground pipe than an entire crew can with 
old, outmoded methods. Flexibles eliminate the 


time-consuming, hot, unsanitary part of the work. 


Send for illustrated catalog showing the com- 
plete line and the modern methods used by 75% 


of the cities in the United States. 


FLEXIBLE SEWER-ROD 
EQUIPMENT CO. 


615 Pickwick Bidg. 
Kames City 6, Me, 
1624 Hermon Plece 
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MEASUREMENT OF FLOW IN OPEN CHANNELS 


Parshall Flume, Using “Free Flow” Condition Gives Ready Measurement 


for Silt-Bearing Waters or Sewage 


By J. TARRANT 
Ruislip, England 


HE Parshall measuring flume described by R. L. Parshall in 

Bulletin 423 of the Bureau of Agricultural Engineering has 
been proved to be a reliable method of measuring the flow of 
water in channels, and is especially useful where the water car- 
ries solids in suspension. ; : 

The older method of measuring the flow in channels by means 
of weirs or notches has the disadvantage that the barrier across 
the channel carrying the weir or notch forms a pocket where 
sediment may collect, with detrimental effects on the accuracy 
of measurement. The Parshall flume has no such obstructions 
and can be so proportioned that the velocity of flow carries for- 
ward the silt and maintains a clear channel. 

There is also the question of head loss which, when pumps are 
used for delivering water or sewage on to a plant or when it is 
desired to avoid pumping, may be an important consideration. 
The head lost in a flume, by utilizing the full allowable sub- 
mergence at the outlet, is very considerably less than that imposed 
by the use of a weir or a notch, _ 
“The principle of measurement is similar to that of the weir in 
that the head over a sill is measured, and this measurement is 
used either alone or in conjunction with a second head reading 
taken downstream of the sill for the estimation of the rate of 
flow. The use of two readings means that (because the down- 
stream head may rise to a value equal to about 95 per cent of 
that upstream) the loss of head can be reduced to an extremely 
low figure, but the indicating or recording of the flow is com- 
plicated as compared with either by a single, head reading. 


Head Loss 


tions, involving consideration of channel width, depth of flow 
in the channel, loss of head permissible, possible future increases 
in the flow, and so on, is assisted by the use of charts, the final 
sizing of the flume being done by calculation from the formula. 


The accompanying chart, Fig. 3, has been prepared for sizing 
flumes of 3-in., 6-in., and 9-in. wide and from 1 ft. to 8 ft. wide 
(the width referred to is always the throat width). The tables 
in Bulletin 423 give the flows for various heads for flumes meas- 
ured in exact feet of throat width from 1 ft. to 8 ft., but for 
the selection of a flume to suit particular conditions of head and 
discharge it may be useful to be able to select a size which may 
be anywhere between 1 ft. and 8 ft. wide. 


In selecting a flume for a given duty and set of conditions it 
will be found that the smaller W is made for a certain discharge 
the greater will be the head loss, assuming that allowance for the 
maximum submergence is made in each case. The depth of flow 
in the channel downstream of the flume and the level of the floor 
in the chanel may be convenient points to take as the basis for 
sizing, working back to the water level upstream and the level 
of the crest or sill. Use of the chart means that a number of 
different sets of conditions may be tried out quickly to deter- 
mine the best size of flume for the job in hand. 


The range of heads covered by the chart is the same as shown 
in the various tables in Bulletin 423 and the formulas are those 
there given for “free flow” conditions, viz. : 


When measuring the flow by a single 
head (the “free flow” condition) the loss STILLING 
of head may not be reduced below a WELL 


figure which is a percentage of the head 
on the sill for each rate of flow. (The 
figures are given later.) This head loss 
is such that the level of water down- 
stream is not allowed to rise to the point 
where it will have any effect on the 
volume of the discharge as indicated by 
the head on the sill. That is to say, for D 
a given head on the sill the flow remains 
constant as the tail or downstream water 
level is progressively raised until, at a 
certain submergence, the flow begins to 



































decrease. 
So, within the limit imposed by this Y 
condition of noninterference, the dis- 


charge may be measured by a single head 





reading. The maximum level to which 
the downstream water may be allowed to 
rise is 50 per cent of the upstream head 
in the case of 3-in., 6-in. and 9-in. flumes, 
and 70 per cent for flumes from 1 ft. to 
8 ft. in width. The loss of head is the 
difference in level between the water 
entering and leaving the flume, and this 
is equal to 50 per cent or 30 per cent of 
the head on the sill, according to the 
width of the throat. 


In earlier issues of Water Works and 
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Sewerage the use of the Parshall flume 





for the measurement of sewage flows has 
been described and the formulas given. 
The selection of the most suitable of 
flume for any given set pf flow condi- 

















Fig. 1.—Dimensions of 3-in., 6-in., and 9-in. Flumes 


TABLE | 
Dimensions in 3-in., 6-in., and 9-in. Flumes (See Fig. 1) 
Ww B c D E F G K N 
in. ft.-in. ft.-in. ft.-in. ft.-in. ft.-in. ft.-in. in. in. 
3 1-6 7 10-3/16 1-3 6 1-0 1 2% 
6 2-0 1-3% 1-3% 1-6 i-0 2-0 3 4% 
9 2-10 1-3 1-105 2-0 1-0 1-6 3 4% 
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Ww 1.0 1.25 1.5 1.75 2.0 2.25 25 
n 1.522 1.5308 1,5381 1.5443 1,5496 1.5544 1.5586 2.4% 
Ww 3.0 3.25 3.5 3.75 4.0 4.25 45 1.5625 
n 1.5660 1,5693 1.5724 1.5752 1.5778 1.580% 15826 4.75 
Ww 5.0 5°25 5.5 5.75 6.0 6.25 6.5, 1.5849 
n 1.5870 1.5890 1.5909 1.5928 1.5945 1.5962 1.5978 15 
Ww 7.0 7.25 7.5 7.75 8.0 1.5994 
n 1.6009 1.6204 1.6038 1.6052 1.6065 

Table Il gives the value of ‘‘n’’ = 1.522-°% for widths of flume from 1 foot to 8 feet in steps of 3 inches. 

0.026 


‘“"W"’ is given in feet, and ‘‘n”’ is the value of the index to 


Q 4WH®", using second-feet units, so facilitating logarithmic calculation. 


For 3 in, flumes—Q = 0.992Ha'.* 

For 6 in. flumes—Q = 2.06 Ha'-* 

For 9 in. flumes—Q = 3.07 Ha!-* 

For 1 ft. 

to 8 ft. filumes—Q = 4 W Ha 1.1522 W°-°* 
where 

Q is the dicharge in cubic feet per second. 

W is the width of the throat in feet. 

H is the head on the sill in feet. 

These formulas, of course, are the same as given in Bulletin 
423 but are repeated here in order to make these notes as com- 
plete as possible. 

It is mentioned in the bulletin that the width of the throat will, 
generally, lie between one-third and one-half the width of the 
channel, and this makes a good starting point, but this rule will 
not apply for extremely wide and shallow, or deep and narrow, 
channel flows, and will be governed by considerations of head 
loss, and so on, as mentioned earlier. The Bulletin recommends 
in considering the loss of head that a submergence of 60 per cent 
be taken as the practical limit for flumes between 1 ft. and 8 ft. 
wide so as to allow for possible fluctuations in flow before the 
conditions affecting the accuracy of measurement by the single 
head reading would be reached. Similarly the practical limit 
for 3 in., 6 in. and 9 in. wide flumes might be taken as 40 per 
cent or 45 per cent submergence. 

The head Ha over the sill or crest is read at a point two-thirds 
the distance back from the crest to the inlet of the converging 
section, and, if a connection is taken to a stilling well for the float 
operation of an indicator or recorder, the connection is taken 
through either side wall, just above the floor, the end of the 
pipe being flush with the wall face. 

Table I and Fig. 1 give the dimensions of the 3-in., 6-in. and 


9-in. flumes, those dimensions common to 


all three sizes being given in the figure. 
Dimensions of flumes between 1 ft. 
and 8 ft. wide are given for exact feet " 
widths in the Bulletin, but for calculating 
the dimensions “B” and “D” for flumes 
of any width between these limits the 
formulas which follow are offered. The 
throat width “W” is used as the basis 
of each formula and so when the width 
has been decided the other dimensions 
are quickly obtained. “W” is taken in D 
inches and the other dimensions are de- 
rived in inches. The results compare very 
closely with the dimensions given in the 
Bulletin for widths of even feet, and so 
may be used for intermediate widths. 
B 0.49 W + 47” 
C= W+12” (See Table I. Bull. 423) XY 
D 1.196 W + 18.84” 





“H” in the formula, Q = 4WH!-27 which is thus reduced t 
0, 


Similarly, for 3 and 6-in. flumes, the flow is obtained by Using 
the appropriate points for the width and the Corresponding scale 
for the head. Thus, it will be clear that one scale is used for 
the flows for all sizes with separate scales for the head for 1 it 
to 8 ft., 3, 6 and 9-in. widths, respectively. A scale of widths ’ 
given for 1 ft. to 8 ft. with points for 3, 6 and 9-in. widths, no 
intermediates being given for these, each of which is set oyt 
according to the formula given for that size. 


In the stilling well, shown in Figs. 1 and 2, a scale may be 
placed against the wall, having its zero at the level of the flume 
crest. This may be calibrated from the chart or from the cal- 


culated rate from the formula, depending on the degree of 
accuracy required. A mechanical indicator operated by a float 
in the well may be mounted above the well to give a continuoys 
indication or record of the flow. 


The location of the measuring flume in the channel is a matter 
requiring some consideration. The Bulletin suggests that a cer- 
tain length of straight channel should precede the flume but js 
not specific about this. The approach should be arranged so as 
to give conditions free from turbulence. 


The velocity of the water in the channel leading to the flume 
should be less than the critical velocity, and, with this limitation, 
a variation of as mueh as 300 per cent in the velocity of approach 
was found to have no effect on the discharge. Where the depth 
in the approach channel is low and the velocity high, the selection 
of a flume size’can be made which will increase the head, and 
therefore the depth in the approach channel, so decreasing the 
approach velocity to a suitable figure. 
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Thus, for a 30-in. flume: B= 0.49 x 
30 in. + 47 in. = 61.7 inc; C=304+ 12 
42 in., and D= 1.196 x 30+ 18.84 in. 





= 54.72 in. Position of dimensions “W,” 
“B,” “C,” and “D,” and dimensions which 
are common to all sizes between 1 ft. and 
8 ft. flumes are given in Fig. 2. 


Using the Chart: Fig. 3: 


The use of the chart is illustrated by 
the lines A.B.C. and D.E.F. which cross 
the scales. A.B.C. shows that a flume 24 












ata | 








in. wide will pass 8.0 cu. ft. per second 
or 5.17 mgd. (U. S.) when Ha is 12 in. 
Line D.E.F. is psed to show the flow 


through a 9-in. flume when the head is 
6 in. This equals 1.06 cu. ft. per second 
or 0.685 med. 
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lig. 2.—Dimension of 1 ft. to 8 ft. Flumes 
(See Formulas for B, C, and D) 
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Larger Flumes—Dimensions of wider flumes, that is, of widths 
+ than 8 ft., are not calculated from the formula as given 
Figures for flumes from 10 to 50 ft. in width are given 
in Bulletin 386 of the Bureau, the largest having a capacity up 


to 3,000 cu. ft. per second. 
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Fig. 3.—Chart for Free Flow Discharge of Parshall Flume 
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THE JEFFREY MANUFACTURING CO, 


996-99 North Feurth Street, Columbus 16, Ohio. Established in 1877 


BALTIMORE |, MD., Lexington Bidg. DENVER 2, Ernest & Cranmer Bidg. MILWAUKEE I!, 5688 N. Lake 
BIRMINGHAM 3, 2210 Third Ave., N. DETROIT 13, 5808 St. Jean Ave. NEW YORK 7, 30 Church Seat 
BOSTON 16, 38 Newbury Street PHILADELPHIA 3, Broad $+ 

' HARLAN, Kentucky 1 wi - Station 
BUFFALO 2. Jackson Building ; PITTSBURGH 22, Oliver Bid Weg 
CHICAGO |, Bell Bidg. HOUSTON 5, TEXAS, 3748 Rice Blvd. SALT LAKE CITY |. 101 W. 3nd 
CINCINNATI 2, Carew Tower HUNTINGTON 19, W. VA. ST. LOUIS 3, 3015 Locust St South 
CLEVELAND 13, Rockefeller Bidg. Robson-Prichard Building SCRANTON 3, 122 Adams Avenue j 


5 


Jeffrey Mfg. Co. Ltd. of Canada. Head Office, Montreal. Branch Offices: Toronto, Hamilton, Calgary, Vancouver 





A complete line of Eqtipment for Water, Sewage 
and Industrial Waste Treatment as well as Bio- 
filtration Systems for Purification of Sewage and 
Concentrated Organic Wastes; Bar Screens; Grit 
Washers; Grit and Sludge Collectors (Patented) ; 
Floctrols (slow-mixing equipment) (Patented) ; 
Sludge Elevators ; Screenings and Garbage Grind- 


ers; Conveyors; Elevators; Chains; Bearings. 


At right—Two No. 4 JIGRIT Washers at the Tallman’s 
Island Sewage Treatment Works, Department of Public 
Works, New York City. (Patented). 


Two Jeffrey Mechanically 
Cleaned Screens discharging 
into a Jeffrey Screenings Grin 
er at the Hammond, Indiam 
Sewage Treatment Works. 
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Above—Primary Settling Tanks with individual motor drives at the Hammond, 
Indiana, Sewage Treatment Works. 


Below—Automatic Skimmers removing fat from skimming basins in a Packing 
Plant. Entire cost of plant and equipment paid for out of sale of recovered grease 
in about six months. 
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“ sures required for adequate aeration in activated sludge plants, 
Being equally effective for suction or pressure service, “R-(” 
Rotary Positive Units are also extensively used for sludge de. 
watering, pumping digester gas, priming centrifugal pumps 
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water treatment, pneumatic conveying of lime, incinerator whi 
ashes, etc. These blowers are ideal for direct connected drive bod: 
from gas engine using sludge gas as fuel. — 
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CENTRIFUGAL BLOWERS rap 
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able, and when large volumes of air are to be handled, “R-C : 
Centrifugal Blowers have proved highly successful for aera pro 
tion purposes. These units are masterpieces of efficient design mo 
phwe: Tie BC: and precision workmanship—ruggedly constructed through § a 
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perating Blowers ' on out to assure years of smooth, quiet, dependable service. ; 
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a eee ROTARY POSITIVE GAS METERS - 
“R-C” sludge gas meters measure, with highest accuracy, gas Th, 
produced by digesters or as used by gas engines. These ear 
Meters are direct reading, and are accurate over a range from gro 
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ROOTS-CONNERSVILLE BLOWER CORP.) 
One of the Dresser Industries ; No 
506 MOUNT AVENUE CONNERSVILLE, INDIANA 


Bulletin 23-B-12 will help you im correct 
planning and specifying--a copy is waiting 
for your request. 
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OPERATING FUNDAMENTALS OF THE ACTIVATED 
SLUDGE PROCESS ) 


T. R. HASELTINE, Supt. Sewage Treatment 
Butler and Grove City, Pa. 


HE properties of activated sludge which are most important 
to the plant operator are, first, its clarifying or absorptive 
powers, and, second, its oxidizing power. | 

When activated sludge is mixed with sewage it absorbs the 
finely divided suspended matter, the colloids, and probably much 
material in true solution in or on its floc surfaces. If the sludge 
is then allowed to settle out, the supernatant liquor will be clear 
instead of cloudy. This clarification action is very rapid and is 
probably completed in 10 to 30 minutes. 

The oxidizing power of activated sludge is generally assumed 
to be entirely due to biological action. _Although its oxidizing 
action may be some 60 to 130 times faster than the normal 
oxidizing rates, as measured by the standard B.O.D. test, it is 
still much slower than adsorption or clarification."_ The highest 
rate of oxidation usually occurs when the sludge first comes in 
contact with the sewage. It then falls off gradually for the next 
two to five hours, after which it continues at a more or less 
uniform rate for considerable periods of time. 

In any properly functioning plant there is a balance between 
these two properties. Almost all of the troubles encountered 
with the activated sludge process may be traced to a lack of 
proper balance. For example, if biological oxidation proceeds 
more rapidly than adsorption, the sludge floc become very small 
and compact. This dense floc does not produce a sparkling clear 
efluent although nitrification may be very high. Furthermore, 
some of the floc is apparently broken up into minute particles 
which do not settle in the final clarifiers, even though the main 
body of the sludge settles very rapidly. On the other hand, if 
oxidation lags behind adsorption, the sludge floc will become so 
light that it will not settle in the final tanks and the sludge will 
lose much of its clarifying power. Since adsorption is very 
rapid and almost automatic, the operator's problem is to regu- 
late the rate of biological oxidation so that it just keeps pace 
with adsorption under the aeration periods prevailing in his par- 
ticular plant. 

There are several conditions under which oxidation will 
progress more rapidly than adsorption. Probably the most com- 
mon is over aeration. It is encountered in plants having exces- 
sive blower capacity in a few large constant speed machines. 
It is best overcome by carrying more sludge in the aeration 
tanks. A second, but less common, cause of over oxidation is 
too long an aeration period. The best corrective is to bypass 
part of the aeration tanks. If that cannot be done, then increase 
the amount of sludge in the mixed liquor. A third cause of 
over oxidation may be lack of sufficient “food” in the sewage. 
The writer encountered such a condition at Grove City during the 
early spring. At such times our sewage flow is increased by 
ground water to four or five times its dry weather volume. 
Most of the excess flow has to be bypassed and hence only 
one-third to one-fourth as much organic matter enters the 
aerators as normally. We have found that the admittance (after 
liming) of digester supernatant to the aerators was quite helpful 
at that season. 


Causes of Oxidation Lag 


There are at least six possible causes of oxidation lagging 
behind adsorption, as follows: 
_ (1) Inadequate Oxygen Supply: In any aeration tank (mechan- 
ical or diffused air) we have two opposing forces, one, the aerator 
device injecting air into the mixed liquor, and two, the biological 
organisms using up oxygen in their life processes. Dissolved 
oxygen determinations on the mixed liquor give a measure of 
the excess of the oxygen supply over the oxygen consumption. 
It is absolutely essential that the rate of supply be at least equal 
to the rate of consumption, but there is nothing to indicate that 
any great excess is beneficial.* If there is no dissolved oxygen 
in parts of the aeration tanks then either the oxygen supply 
must be increased by using more air, or the rate of oxygen con- 
sumption must be cut down by reducing the amount of sludge 
or sewage in the mixed liquor. Naturally sludge reduction is 
the most general practice. 
_ (2) Germicidal Wastes: Since oxidation is entirely biological 
it is evident that germicidal wastes will stop or retard it. If the 
germicidal action is due to excessive acidity or alkalinity neu- 





tralization with lime or acid will eliminate it. (The optimum pH 
for biological oxidation is 7.0 to 7.5 although there is little re- 
tardation at pH 6.4 to 8.0.‘ If it is due to phenolic compounds 
or other toxic substances, the only certain remedy is to exclude 
them from the sewers. In some cases, however, where the con- 
centration of the poison is quite uniform and not too high it may 
be possible for the sludge organisms to become accustomed to it. 

(3) Excessive Carbon Dioxide: Carbon dioxide is one of the 
principal end products of biological oxidation’* and excessive 
amounts of it are known to be toxic to bacterial activity. Sew- 
age already contains relatively large amounts of CQs. Although 
aeration is an efficient means of removing carbon dioxide the rate 
of its production during the activated sludge process is so great 
that the net reduction due to aeration may be slight. In such 
cases it is quite possible that the rate of oxidation is limited by 
the COs content of the mixed liquor. When such conditions 
prevail it is logical to apply lime to the inlets of the aeration 
tanks.‘ Either one of two general schemes may be followed: 
(a) daily applications of 50 to 300 Ibs. of lime per M.G. of daily 
flow applied in one to four “shots” during hours of peak sewage 
flow, or (b) continuous lime applications at rates of 300 to 500 
ppm. until such time as the pH at the outlet of the aerators 
approaches 8.0. The best way to tell whether or not excessive 
COsz is causing trouble is to try the lime treatment. It is fortu- 
nate that this treatment can do no harm so long as the pH at 
the outlet of the aerators does not exceed 8.8, whether or not it 
does any good. 

(4) Septic Sewage or Sludge: Septic action not only in- 
creases the carbon dioxide but produces other products that re- 
tard biological oxidation. Avoid sludge accumulations in sewers, 
channels, primary or final clarifiers. The return of large volumes 
of poor quality digester overflow liquor to primary tanks may 
cause the entire sewage flow to become septic. Frequent sewer 
flushing may be helpful. Prechlorination at various points along 
the collection system may be even more helpful. Partial chlori- 
nation of the return activated sludge has proved beneficial at 
some plants but chlorine is a powerful germicide and particular 
care is required to avoid over-chlorination of the sludge which 
might destroy its oxidizing power. 

(5) Excessive Grease Content of the Sludge: If the grease 
content of the sludge is excessive the sludge particles become 
coated with a film of grease thus preventing intimate contact 
with oxygen, even though tests show an abundance of dissolved 
oxygen in the mixed liquor, hence oxidation is greatly retarded. 
Wiest’s® work indicates that the activated sludge process func- 
tions satisfactorily when the grease content of the sludge is 5 
to 7 per cent, but gives considerable trouble when the grease con- 
tent is around 20 per cent. The writer’s experience indicates that 
13 per cent grease in the sludge makes for difficult operation 
while 30 per cent grease causes the sludge to lose its clarifying 
power and a very inferior effluent results. If the grease content 
of the sludge is generally excessive then some means of further 
removing grease from the incoming sewage is indicated. But 
where the trouble is caused only by periodic shots of mineral 
oil the writer has found a 25 per cent increase in air for a day 
following such shots to be helpful. 

(6) Inadequate Aeration Period: Even under ideal conditions 
biological oxidation is much slower than adsorption and, hence, 
there is some minimum aeration period required below which 
the process will not function. Usually there is nothing the opera- 
tor can do but bypass part of the sewage flow and ask for more 
aeration tanks. In some cases, however, short circuiting in 
diffused air plants has been a factor that could be corrected by 
proper baffling. Current meter readings at various points may be 
helpful in designing or locating baffles. In other cases it has been 
possible to delay major extensions by utilizing part of the aera- 
tion tanks for sludge reaeration, thus lengthening the available 
time for biological oxidation. 

Since both the quantity and strength of the sewage varies 
from hour to hour and day to day, it might be asked, how is the 
operator to maintain a constant balance between adsorption and 
oxidation at all times? He can not! In the normal plant oxida- 
tion probably falls bekind adsorption during the high flow of 
strong daytime sewage and catches up during the low flow of 
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weaker night sewage. In some plants it is even possible to 
observe a gradual deterioration of the sludge through the week 
with recovery over Sundays. It must always be kept in mind 
that it is ‘only prolonged periods of excessive adsorption that 
cause serious sludge deterioration, and that several days of ex- 
cessive oxidation are required for its recovery. The closer the 
balance is maintained the lower will be the power costs, but the 
higher will be the laboratory and attendance costs. Therefore 
more laboratory work is justified in large plants than in small, 
but some is required in all. : 


Sewage Input vs. Air Input, and the D. O. Test 


Since most if not all of the oxidation occurs in, or on, the 
sludge floc, it should be evident that most of the oxygen is con- 
sumed by the sludge. Therefore, it is a serious mistake to 
attempt to regulate the air input in proportion to the sewage flow. 
Dissolved oxygen determinations throughout the aeration tanks 
are the best criterion known for air regulation. If the air is to 
be varied throughout the day then, these tests should be made at 
various hours throughout the day. If a constant rate of aeration 
is to be used then the tests should be made at whatever time the 
dissolved oxygen is at a minimum; this will usually be found a 
few hours after receipt of the peak sewage flow. Samples should 
be collected from various points between the inlet and the outlet 
of the aerators. Unfortunately the dissolved oxygen determina- 
tion, the most important of all operating control tests, can not 
be made directly on the mixed liquor because of interference from 
the sludge floc. The accurate determination is extremely difficult 
and requires special equipment,’ however tests for routine plant 
control may be made on samples of supernatant liquor siphoned 
off from larger samples of mixed liquor collected from the aera- 
tors. At Salinas, California,’ the writer collected 2 liter samples 
from the tanks and allowed them to stand until sufficient. clear 
water could be siphoned off to fill the small D.O. bottles. Ordi- 
narily 5 to 15 minutes standing sufficed although at times of 
severe bulking as much as 40 minutes was required. That pro- 
cedure is open to the objection that the sludge consumes some 
oxygen during the sedimentation period. However, on several 
occasions we siphoned off a second sample an hour or two after 
taking the first one and repeated the D.O. determinations; the 
decrease in dissolved oxygen in the supernatant over the elapsed 
time was surprisingly small. Theroux, Eldridge and Mallman* 
recommended the addition of 10 ml. of 10 per cent copper sul- 
phate solution to the 2 liter samples of mixed liquor. The cop- 
per sulfate acts as a coagulant, speeding up sedimentation, and 
at the same time halts biological oxygen consumption. Theo- 
retically, at least, this method is open to the objection that the 
copper sulfate tends to react with the potassium iodide added 
later liberating iodine and thus giving results that are too high. 
Heukelekian uses about half as much 10 per cent sulfuric acid 
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in place of the copper sulfate. The writer has tried all thr 

methods simultaneously at Grove City on several occasions = 
found little or no practical difference. We use copper sulfate in 
our routine work. 


Regardless of the method used to separate out the Sludge floc 
the Rideal-Stewart modification of the Winkler method should 
always be used for determining the oxygen in the small, siphoned 
samples because of the possible presence of nitrites in the liquor 
see “Standard Methods.”” ? 


Measuring Sludge in Mixed Liquor 


We have mentioned increasing or decreasing the amount of 
sludge in the aerators as a means of controlling the oxydation. 
adsorption balance. This leads us to the second most important 
control test, namely, some means of measuring the amount of 
sludge in the mixed liquor. By amount of sludge we mean 
weight of sludge solids. No universal rule can be given for de- 
termining the proper amount. Perhaps 600 to 1500 ppm. of sys. 
pended solids in the mixed liquor would cover most mechanical 
aerators while 1200 to 3000 would cover most compressed air 
plants. The higher the sludge content of the mixed liquor the 
faster will adsorption and oxidation progress, but the greater 
will be the power requirements. If the aeration period is short 
an increased sludge content will give a higher degree of treat- 
ment, but if an adequate aeration period is available almost as 
good purification can be obtained with a low sludge content and 
a considerable saving in power may be realized. With a low 
sludge content organic matter adsorption per unit weight of 
sludge is very high and hence a very high rate of biological oxi- 
dation must be maintained. Therefore, if the sludge content js 
low, there is more danger of a plant being upset by sudden shots 
of strong sewage or organic trade wastes. 


Standard suspended solids determinations are the only accurate 
means of finding the actual weight of sludge solids in the mixed 
liquor. Unfortunately the test requires considerable time and, for 
small plants, expensive equipment. In spite @f these handicaps 
the test is extremely valuable and should be made at least once 
a day at all but the very smallest plants. It should be made at 
the same time each day. The time selected should be such that 
the sewage flow for the past several hours has been nearly iden- 
tical with that of the same hours of each preceding day—usually 
8 or 9 a.m. will be the most satisfactory time. The writer has 
followed this practice at Salinas,° Topeka” and Grove City. We 
governed the daily amount of activated sludge, wasted almost 
entirely by the results of these determinations. This procedure 
does not accomplish the very desirable end of keeping the sus- 
pended solid content of the aerators constant at all times through- 
out the day. It was probably a minimum at the time the peak 
flow started coming in and at a maximum in the evening when 
the sewage flow drops off. However, it did serve to keep the 
average daily suspended solid content of the aerators fairly con- 
stant. If it is desired to hold the solid content of the aerators 
constant throughout the day then one of the approximate “short- 
cut” methods of solid determination (to be described later) may 
be used as frequently as desired, but the standard suspended 
solids test should be made daily as a check on the short-cut pro- 
cedure. After considerable experimentation the writer has con- 
cluded that the saving in power made possible by hourly checks 
of the solid content of the aerators was not sufficient to justify 
the time consumed in checking, but such a conclusion can apply 
only to the plants with which he was connected. Anderson, em- 
ploying a centrifugal estimation, has found the opposite to be the 
case at Rockville Center.” * ™ 

Before leaving the subject of gravimetric solids determinations 
the writer. wishes to make a plea for all operators to base their 
control on suspended solids determinations rather than on fotal 
solids determinations. It is the suspended solids in the sludge that 
exert the bulk of its oxygen demand. It would be permissible 
to base plant control on total solids determinations only if the 
dissolved solids were practically constant. Such is not the case— 
at Salinas® dissolved solids in the mixed liquor, and plant effluent, 
ranged from 600 to 1500 ppm. under varying sludge conditions; 
at Grove City the range is 200 to 500 ppm. 

Because of the time required for suspended solids determina- 
tions various short-cuts have been used. The simplest are the 
settling tests and these were the earliest tests used. Samples of 
sludge or mixed liquor are simply collected in liter graduates, 
allowed to stand for some given time, and the per cent of set- 
tleable solids observed at the end of that time. In the early days 
it was usually customary to carry a volume of about 20 per cent 
sludge, after 30 minute standing of the mixed liquor. The test 
is still used and is quite helpful so long as its limitations are 
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The Sludge Index 
correlate the volume of settleable solids, as deter- 
Aer thio way, with the actual weight of suspended solids in 
rm sample soon showed that no such relationship existed unless 
the sludge index” was also taken into consideration, see Figure 2. 
“The sludge index (S.I.) is the volume in cubic centimeters occu- 
ied by 1 gram of sludge solids after settling 30 minutes”; it is 
oe ted by multiplying the per cent sludge by volume after 30 
minutes standing by 10,000 and dividing that product by the parts 
per million of suspended solids by weight in the same or a similar 
sample of mixed liquor. The longer the settling test samples are 
allowed to stand, i.e., the more the sludge compacts, the less the 
influence of the S.I. on the results of the test and, hence, the 
closer their approximation to the actual weight of sludge solids 
present. Figure 1 illustrates this point fairly well. In general 
the settling test alone cannot be relied on except in the smallest 
plants, and even then only in those small plants that are so amply 
designed that they are subject to little bulking. In such plants 
the possible saving in power may not be great enough to warrant 
the added cost of conducting more accurate determinations. 


The Centrifuge Test 


Another short-cut is the centrifugal test. This test consists 
of collecting samples of mixed liquor or sludge in 15 ml. cen- 
trifuge tubes and “spinning” them for a given short time (2 to 
10 minutes) in an electrical centrifuge. A hand centrifuge will 
not serve because of the impossibility of always spinning the 
samples at the same speed. : 

The writer first heard of this test being used at the Indian- 
apolis plant in 1928. Like the settling test, it is, at best, a vol- 
umetric determination. Nevertheless, it has two outstanding ad- 
vantages over the gravity settling test. First, it is extremely 
rapid, and, second, it compacts the solids more and hence there 
is better correlation between its results and those of gravimetric 
suspended solids determinations. The writer has used a 2 min- 
utes spinning period at 2600 r.p.m. at Salinas and Grove City. 
At both plants we found that the results of this test were greatly 
influenced by the sludge index, see Figure 3. Setter” used a 10 
minute period at the same speed and got fair correlation with 
the suspended solids test so long as the suspended solids exceeded 
1000 ppm. ; at lower solids concentrations the volume of sediment 
was too small to permit satisfactory readings. Anderson™ ™ ™ 
used a 5 minute period at 1800 r.p.m. at Rockville Center and 
considers the test very satisfactory although he gives no data to 
correlate it with suspended solids determinations. If the test is 
to be used the operator should first make sufficient trials to pre- 
pare a graph similar to Figure 3. Once such a graph is available 
he may determine the sludge index at daily to weekly periods 
and from that determination and the graph he can select the de- 
sirable centrifugal test results for more frequent determinations. 

In addition to determining the amount of sludge being carried 
in the aerators it is desirable to know something of its condition. 
The sludge index, as previously described, is valuable in this 
respect. Color, odor, and floc structure are also valuable. Pe- 
riodic microscopical examinations are useful. After a little ex- 
perience these tests, or observations, will usually be found ade- 
quate for most plants. In some cases the volatile content or dis- 
solved solids content of the sludge may be found helpful.’ Still 
better tests required special equipment such as the Odeeometer,™ 
Oxy-Utiometer,” etc. 


Tapered Aeration vs. Delayed Loadings 


_It was previously stated that the rate of oxidation was usually 
highest when the sludge first comes in contact with the sewage 
and that afterwards it falls off gradually. If the air is supplied 
in just sufficient amounts to maintain a minimum dissolved oxy- 
gen content at all points in the tanks it will be found that 
considerably more air is used at their inlet ends than is used at 
their outlets. This method is known as tapered aeration, Since 
the rates of adsorption and oxidation increase with increased 
amounts of sludge, tapered aeration is more necessary when a 
high sludge content is carried. The rate of oxygenation is lim- 
ited for any aeration device, but is generally lower for mechan- 
ical aerators than for compressed air plants,” hence the former 
usually carry less sludge and frequently provide longer aeration 
periods. At the Tallman’s Island* plant provision is made 
tor adding sewage or return sludge at several different points 
along the aeration tanks, thereby avoiding the necessity of using 
such high aeration rates at their inlets. In small plants it is 
possible to reduce the necessity for tapered aeration by returning 
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a large volume of very dilute sludge. Experience has taught 
many operators that this practice is a good one for small plants 
in particular. The excess water reduces the oxygen demand of 
the mixed liquor at the aerator inlets and forces the sludge along 
the aeration tanks faster, thereby reducing the air requirements 
at the inlet end and increasing it further along the tanks. 


Importance of Prompt Sludge Recirculation 


It used to be considered good practice to carry a considerable 
depth of sludge in the final clarifiers in order to get as high a 
solid content, and hence as low a volume of return sludge as 
possible. Studies” have shown that the oxygen demand of such 
sludge is frequently so high that it is almost impossible to satisfy 
it by any aerating device. It has also been found” that the activ- 
ity of the sludge was greatly impaired by even comparatively 
short concentration periods in the clarifiers and that the fresher 
the sludge the greater was its purifying power; the effect being 
most noticeable at plants having a short aeration period. There- 
fore, the rate of withdrawal from final tanks should be such as 
to remove the sludge as quickly as possible. In large plants 
where the cost of pumping excess water may exceed attendance, 
or in plants using sludge reaeration, it is wis¢ to make frequent 
sludge soundings and to keep the rate of withdrawal at a mini- 
mum consistent with rapid sludge removal. In small plants that 
do not have sludge reaeration this extra attendance is not justi- 
fied and a very high, constant, rate of sludge withdrawal can be 
used throughout the 24 hours. When the plant is treating a 
strong sewage the daily sludge withdrawal may be actually equal 
to the sewage flow with no ill results and, possibly, some benefit. 
(At first it might appear that such an increase in volume of 
sludge return would unduly shorten the aeration period ; however, 
it may be shown mathematically that increasing the rate of re- 
turn from 20 per cent to 50 per cent (equal sludge and sewage 
volume) cuts the nominal aeration period only 10 per cent be- 
cause so mueh of the liquor in consequence passes through the 
aerators more than once.) : 

Most plants are not designed for sludge reaeration. If reaera- 
tion is used it is desirable to keep the rate of sludge withdrawal 
from the final tanks at a minimum, consistent with rapid sludge 
removal, in order to have the longest reaeration period, providing 
it is possible to maintain some dissolved oxygen at all points in 
the reaeration tank. If that can not be done then the rate of 
withdrawal must be increased so as to reduce the oxygen demand 
of the reaerating sludge. 


Sludge Concentration Important 


To intelligently divide the sludge withdrawal between return 
and waste it is necessary to make daily suspended solids tests on 
the mixed liquor, as previously discussed. If these results are 
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Fig. 2—A Picture of the Lack of Correlation Between V olumetric 
Sludge Test and the Gravimetric Test. The Necessity of Taking 
into Consideration the Density and Settleability (Sludge Index) 
Is Clearly Evident. 
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below the amount of sludge desired the amount going to waste 
should be decreased and vice-versa. Waste activated sludge should 
always be concentrated before introducing it into sludge diges- 
tion tanks. At most plants the only means of concentration 
provided is the introduction of waste activated sludge into the 
primary settlers. It has been the writer’s experience that where 
this method is used better concentrations of primary sludge are 
obtained by wasting continuously over the 24 hours at a low rate 
than are obtained by wasting at a high rate for a shorter time. 
This method of wasting excess activated sludge has many disad- 
vantages,” particularly when the sludge is bulked. A _ better, 
though less common method entails the use of a separate tank, 
termed a sludge thickener, and the use of chlorine. ~* Where 
a thickener is provided best results are obtained by feeding it 
with mixed liquor direct from the aeration tanks instead of with 
sludge withdrawn from the final clarifiers. The clear, chlorinated 
supernatant from the thickener may be discharged to the incom- 
ing raw sewage, the return activated sludge or the final effluent. 
Either of the first two are preferable because of its beneficial 
action in overcoming septicity. 


Troubles 


Now just a few words concerning troubles. Sludge bulking is 
probably the most common trouble encountered with the activated 
sludge process. The term “bulking” has been used by some to 
cover the condition of sludge pouring over the weirs of final 
clarifiers, but the writer considers that an improper use of the 
term. A bulked sludge is simply a sludge that, after a given 
settling period, occupies a greater volume than would a normal 
sludge containing the same amount of suspended matter by 
weight. Bulking is best measured by the sludge index’ as previ- 
ously described. Whether or not a bulked sludge will pour over 
the weirs of final clarifiers depends, primarily, upon the design 
of those tanks. The more generous their design the higher can 
the sludge index become before the effluent is fouled. 

It was previously stated that when oxidation lagged behind 
adsorption the sludge floc became so light that it would not settle 
properly, in other words, the sludge bulks. We have given six 
possible causes of oxidation lagging behind adsorption and sug- 
gested means of overcoming them. Any one of those six will 
cause bulking if not corrected. Certain microscopic, filamentous, 
growths will cause, or increase, bulking. Sphaerotilus is far the 
most common organism. Even though the sludge is constantly 
seeded with these organisms they do not flourish in the sludge 
if oxidation is keeping pace with adsorption, but if oxidation 
lags behind adsorption the sludge may become an ideal habitat 
for profuse growths. Correct the oxidation-adsorption balance 
and the number of Sphaerotilus will greatly diminish. Other 
filaments than Sphaerotilus may cause bulking, notably Cladothrix 
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l’alues on Suspended Solids Tests With the Centrifuge. 


Sewerage. 


For a thorough and up-to-the-minute article on “The Operation of Activated Sludge Plants,” by Dr. Gail P. Edwards, 
Chief of Laboratories, Dept. of Public Works, New York City, see forthcoming August, 1945, issue of Water Works and 





and Leptothrix, but their occurrence is so rare as 
rte here. ‘0 Warrant: ng 
Bulking is not the only cause of excessive amounts of slu 
passing out with the final effluent, although it is the most com 
one. There are two other causes. One is simply insufficient 
sludge withdrawal, the other is “sludge rising.” Rising sludge j 
most commonly encountered in plants treating sewage high 15 
nitrogenous matter (notably meat packing wastes) where nitre 
fication is quite high. The sludge will settle rapidly in tanks . 
graduates, but will rise again in from 20 to 90 minutes. The 
sludge is lifted by accumulations of nitrogen gas. At some 
plants“ it has been overcome by keeping the dissolved oxygen ; 
the aerators very low; at others” it has been found helpful 
increase the amount of sludge carried in the aerators. . 
Digester overflow liquor has caused considerable trouble 
several activated sludge plants, among them Grove City. At mog 
plants it is common practice to return digester overtlow to th 
raw sewage, and, in a properly proportioned plant, the liquor wijj 
cause little or no difficulty providing its solid content does no 
exceed 0.2 per cent. If the overflow contains more than 05 per 
cent solids it turns primary clarifiers septic and covers them 
with gas-buoyed sludge. Under such conditions their effluent js 
very difficult to treat by the activated sludge process. At Groye 
City we have an overflow averaging well over 1.0 per cent solids 
We add lime to it and turn it directly into the aeration tanks 
The proper lime dosage, in our case, seems to be about 1 pound 
of lime to each 10 cubic feet of liquor. The liquor turns the 
aerators very dark, detracts from the appearance of the effluent, 
and unquestionably puts a tremendous burden upon the activated 
sludge process. However, we have been able to treat most of 
the liquor in this way although it ‘seriously upset the plant whey 
we attempted to return it to the raw sewage. 
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depend on... from Hooker 


Hooker Liguid Chlorine pYooker has 
been providing high quality, high purity 
liquid chlorine to water works, filtration 
plants and sewage systems for years. The 
vigilance of water works officials plus the uni- 
formly dependable supplies of Hooker Liquid 
Chlorine have helped to maintain the high 
sanitation standards of the United States. 

Hooker Liquid Chlorine, of consistently high 
purity, is available in tank cars containing 16 
and 30 tons, multi-unit cars containing 15 one- 


ton containersvand in cylinders containing 100 
and 150 lbs. 7 


Hooker Caustic Soda }4,5ker Caustic 


Soda is produced in our well-known and now 


Send For These Booklets 


Hooker Chlorine and Caustic 
Soda Booklets contain helpful 
information on these two 
chemicals. Physical and chem- 
ical specifications, precautions 
in handling equipment for 
storing and shipping, uses and 
tests are included. Copies sent 
free of charge when requested 
on your letterhead. 


HOOKER 
ELECTROCHEMICAL 
COMPANY 


9 UNION ST. NIAGARA FALLS, N. Y. 


New York, N. Y. Tacoma, Wash. 
Wilmington, Calif. 








R-201 


The Chemicals you Need... Quality You can 








nationally used Hooker type “S” electrolytic 
cells. It is of the same high purity and uni- 
formity as other Hooker Chemicals. The 
flake form is shipped in drums of 100 or 400 
lbs., the solid forms in drums of 220 or 700 
lbs., and the liquid 50 and 70% solutions 
are shipped in drums of 700 Ibs. or tank cars. 


Hooker Ferric Chloride \4,,ker Ferric 


Chloride solution for sewage treatment, con- 
tains approximately 40-45% Ferric Chloride. 
It is supplied in 13 gallon carboys containing 
150 lbs. and in tank cars containing 25 tons. 


Hooker Bleaching Powder ¥4 4 4k ¢ 
Bleaching Powder contains at least 35% avail- 
able chlorine. It is furnished in drums con- 
taining 100, 300, and 800 Ibs. 


Hooker’s Technical Staff jong with 


Hooker’s production of Chlorine, Caustic 
Soda, Bleaching Powder and Ferric. Chloride 
goes the offer of help on any of your prob- 
lems involving the use of these chemicals. 
Hooker’s Technical Staff is continuously 
working with these chemicals and their spe- 
cialized knowledge is available to help yow 
overcome your difficulties. 


HOOKE 
CHEMICA 


8293 
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CHICAGO PUMP COMPANY 


2349 Wolfram St., CHICAGO, ILLINOIS 








Fig. 2202—Comminutor 
Eliminates screenings and screenings disposal—No burial; No in- 
cineration. Cuts *oarse sewage matter into small settleable solids 


without remov: mn the channel. 





Fig. 2014—Swing Diffusers Fig. 2349. (right)—Combination 

Controlled aeration for the Aerator-Clarifier 
Activated Sludge Process. For providing complete treatment 
towns of 4,000 and up. Diffus- of sewage without odor nul- 
er tube assembly can be sance and with minimum 
raised to tank walk. Simple manual operation. Ideal for 
regulation of air supply from housing projects, small camps, 
tank walk. Tube cleaning institutions and small towns. 
without dewatering tanks or Over 100 units operating suc- 
interrupting operation. Ask cessfully. Ask for Bulletin 
for Bulletin 176. 

















Fig. 1860—Scru-Peller Primary Sludge Pump 

Screw conveyor in the suction ahead of the 
impeller. Stellited cutters prevent clogging. 
The capacity can be varied instantly. Ask 
for Bulletin 190. 








Fig. 2086—Flush-Kleen Sewage Pumping Station 
Pp Requires no attention. NEVER CLOGS. Automatically 
Universal Fiexible backwashes strainer. Keeps solids from basin and pumps. 
Couplings in shaft Fig. 1774—Horizontal Non-Clog Pump Impeller handles water only. Coarse sewage matter is 
compensate for mis- Being mounted directly on base prevents pump stopped by Flush-Kleen strainer and is flushed out through 
alignment. Ask for being pulled out of alignment by long lines of discharge pipe. Check valve prevents discharging back 
Bulletin 126. piping. Ask for Bulletin 127. through inlet line. Ask for Bulletin 122. 


Fig 2504—Vertical 
Open-Shaft Non-Clog 
Pum 
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EXPERIENCE IN MECHANICAL ACTIVATED 
SLUDGE PLANT OPERATION* .- 


; By DOUGLAS E. DREIER 
Senior Sanitary Engr., Illinois Dept. of Pub. Health, Springfield 


ONTINUING the program of “The Operator’s Corner” in 

presenting studies of actual operation procedures in funda- 
mental sewage treatment processes, this article reviews control 
practices in mechanical activated sludge plants. It is largely 
hased on data and comments obtained from 27 superintendents, 
engineers, chemists or Operators of 29 representative plants 
through detailed questionnaires and through supplementary cor- 
respondence. ; 

An effort was made to obtain an even distribution of returns 
from plants utilizing the three most common types of mechanical 
aerators and, while complete success in that regard was not 
achieved, it is believed that adequate distribution was obtained. 
It is not the purpose of this review to discuss and compare the 
relative merits of mechanical aeration equipment of the several 
types. Grateful acknowledgment is given the complete co-opera- 
tion of the following contributors: 


Contributors 


Bradley, L. R., Operator, Buchanan, Michigan. 

Browne, F. G., Consulting Engineer, Bucyrus, Ohio. 

Carothers, C. H., Chemist, Riddle Aeronautical Institute, Carl- 
strom and Dorr Fields, Arcadia, Florida, and Riddle Field, 
Clewiston, Florida. 

Cortner, L. A., Supt., Indiana Soldiers and Sailors Children’s 
Home, Knightstown, Indiana. 

Decker, C. D., Supt., Bryan, Ohio. 

Denise, Wm. D., Supt., Greece, New York. 

Dick, Robert, Supt., Elmhurst, Illinois. 

Dietrich, Paul, Supt., Crystal Lake, Illinois. 

Dulmage, R. W., Supt., Willow Run Bomber Plant, Ypsilanti, 
Michigan. 

Fischer, N., City Engineer, Kewanee, Illinois. 

Freeman, L. H., Operator, Geneva, Illinois. 

Grinnell, R. R., Supt., Birmingham, Michigan. 

Howe, W. A., Sanitary Engineer, Illinois Ordnance Plant, Car- 
bondale, Illinois. 

Klay, Lt. Comdr. A. S., (CEC) USNR, Public Works Officer, 
Lambert Field, St. Louis, Missouri. 


*Published in Sew. Wks. J., 17, 101 (1945). Reprinted by per- 
mission of the Federation of Sew. Wks. Assns. 


Krueger, A. L., Supt., Ferguson, Missouri. 

Lamb, Miles, City Engineer, Belvidere, Illinois. 

Longley, P. H., Supt., Radnor-Haverford, Pennsylvania. 

Lovejoy, J. W., Supt., Laurens, South Carolina. 

Miller, D. R., Sanitary Engineer, Public Works Dept., USNTC, 
Great Lakes, Illinois. 

Olson, F. W., Operator, Batavia, Illinois. 

Patriarche, J. M., Supt., East Lansing, Michigan. 

Russell, J. H., Supt., Rochelle, Illinois. 

Somers, Verne, Supt., Stevens Point, Wisconsin. 

Tanari, Myron, Operator, Ladd, Illinois. 

Todd, L. J., Supt., Milton Junction, Wisconsin. 

Tompkins, L. B., Operator, Michigan State Home and Train- 
ing School, Coldwater, Michigan. 

Wolf, E. H., Operator, Waterloo, Illinois. 

A wide variation in capacity, loading and design is indicated 
in the general data for the plants contributing, as tabulated in 
Table I. The loading data tabulated in the ninth column of the 
table were calculated from the information submitted. While the 
data in that column are of general interest in indicating the 
relative degree of loading at the various plants, they should not 
be interpreted too broadly for the reason that some of the B.O.D. 
data utilized in the calculations may have been obtained from 
grab samples while other data were obtained from composite 
samples. 


Placing a Plant in Operation 


Before going into the detailed operation control procedures, 
it might be well to discuss first the general method of placing 
a plant in operation. In building up a healthy, well conditioned 
activated sludge it is important that certain fundamental factors 
be considered and followed. 

The organisms which go into the building of an activated 
sludge are all present in the sewage, but in order that those 
organisms may become acclimated and cultivated it is important 
that the aeration mixture contain dissolved oxygen and that 
the organisms be fed at a proper rate. In starting a plant, allow 
the aeration tanks to fill with settled sewage and start the 
aerators, setting them to operate continuously. Allow 30 to 50 


TABLE I 


General Information Regarding Contributing Plants. 














Average 5-day 
| -~-———Aeration Units————, B.O.D (ppm.) 
ae 
‘ S24 
37 | > $9E . a 
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on ae <E5 <han C< % <40 Of a8lan AR EMlRowse 
Batavia, Illinois ........... 4,700 Combined 0.895 0.45 American 7 4.62 57 287 70 9 1.0 
Belvidere, Illinois ......... 9,000 Separate 1.202 0.99 Chicago 9 7.00 49 223 126 5 0.75 
Birmingham, Michigan .... 12,500 Combined 2.60 0.68 American 8 4.05 78 81 52 9.7 — 
Ris nena 5,000 Combined 0.682 2.00 Chicago 6 9.26 109 102 67 10 2.0 
Buchanan, Michigan ....... 4,500 Separate 0.787 = Chicago 3 3.10 46 96 56 21 2.0 
Bucyrus, Ohio .......00.0 9,600 — 1.066 1.5 American 6 6.00 45 263 126 4 — 
Carlstrom ee Restricted Separate 0.067 1.5-3.0 Chicago(1) 2 10-20 99 181 138 3.6 -—- 
Coldwater, Michigan ...... 1,200 Separate 0.154 3.1 American 3 10.40 126 165 82 4 1.5 
Crystal Lake, Ill. .......... 5,000 Separate 0.30 a Chicago 4 9.90 87 240 125 6 11.8 
Dorr Field Osa Paseseresceee's Restricted Separate 0.053 3.75 Chicago(1) 2 25.06 131 190 131 13 _ 
Kast Lansing, Mich. ....... 13,500 Combined 1.838 1.20 American 9 4.80 107 79 40 4 10.0 
Elmhurst, Ee 16,000 Combined 1.50 1.60 Chicago 12 6.90 57 123 103 12 _— 
qereuson. DN Bia imi aha tne 12,000 Separate 0.80 2.0 Chicago 5 5.70 95 110 50 6 1.5 
aera, I aed wica ied 5,500 Separate 0.90 1.4 Yeomans 9 6.00 29 325 170 11 1.0 
areat Lakes, 7 ... Restricted Separate Restricted 2.0 Chicago 12 10.00 a 375 225 19 2.0 
Mee’ New York......... ~10,060 Separate 0.599 1.95 American 8 8.80 39 231 170 17 4.2 
iMinols Ordnance .......... Restricted Separate 0.100 5.32 Yeomans 3 22.00 163 150 130 1.5-3.0 1.0 
oe PE onicess:+s 8,000 Separate 0.860 2.2 Yeomans 12 7.40 55 289 119 11 1.5 
; nightstown, Ind. ......... 500 Separate 0.060 — Chicago(1) 2 — — _ _— ~- —_— 
Ladd, inn bigde'ey dave 1,200 Combined 0.070 1.75 Chicago(1) 2 17.00 37 — — — _- 
pambert SED dble wie we iba Restricted Separate 0.250 1.2 Chicago 3 7.50 35 2 175 20 “= 
saerens, a Pees ,700 Separate 0.480 0.50 Chicago 4 9.20 o= 900 —_ 40 2.0 
ilton Junction, Wis....... 2,000 Separate 0.080 12.0 Yeomans 2 25.00 87 800 300 20 1.0 
Rinor Haverford, . 10,400 —_ 0.80 1.0 Yeomans 8 10.00 91 172 104 7 — 
R 2, see Restricted Separate 0.015 6.4 Chicago(1) 1 42.00 330 165 92 7 — 
Soenelle, ER 4,400 Separate 0.416 2.5 American 6 9.90 72 249 148 12 4.0 
wevene Point, Wis......... 14,000 Separate 1.41(2) 2.0 American 6 7.60 25 270 180 10 4.0 
Wie EE 6Nns iowa 1,300 Separate 0.098 — Chicago 2 15.00 150 232 89 26 0.5 
tinal, ere aa Restricted Separate 1.49 3.0 Chicago 16 12.00 76 155 129 18 1.0 





(1) Combination Aerator—Clarifier. (2) 60 per cent given complete treatment. 
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per cent of the design flow to pass into the aeration tanks, by- 
passing the remainder of the settled sewage. 

rhe Chicago Pump Co. (Operation Bull. No. 1165) suggests 
by-passing all settled sewage* for 24 hours after starting the 
aerators and before allowing additional sewage to pass through 
the aeration tanks. After the final settling tanks are full, start 
the collecting mechanism and return sludge pumps (or open 
valve on automatic sludge return line*). The return of these 
previously aerated sewage solids will cause a gradual increase in 
the mixed liquor solids concentration. Walker, of the American 
Well Works, in notes for a lecture on activated sludge plant 
operation presented before the 1944 Illinois Sewage Works Op- 
erators’ Short Course, stated: 

“The quantity cf sewage added to the aerated mixture is grad- 
ually increased from day to day. The return to the incoming 
sewage of the settled solids (taken from the final settling tank) 
from the previously aerated sewage will gradually increase the 
solids concentration of the aerated mixture. The addition of more 
sewage has to be done very carefully so as not to supply more 
organic food to the organisms than they can consume. Overfeed- 
ing of the organisms will have a very detrimental effect upon 
their existence because there will then be more organic matter 
being absorbed by the young activated sludge than it can digest. 
In a like manner, underfeeding has a very detrimental effect and 
it can be easily imagined that starved organisms do not thrive. 

“Operate the plant at % to ™% rated (design) load and do not 
try to force the early activated sludge development. As the 
activated sludge starts to develop (recognized first by much white 
foaming and characteristic strong, spicy odor), increase the 
sewage load slowly. : 

“Stop applying the sewage load at once if the activated sludge 
seems to be reverting back to the air flocculated solids phase. 
(Note: Walker divides activated sludge development into two 
phases: first, the air flocculated solids phase, and, second, the 
true activated sludge phase. ) 

The mixed liquor solids concentration will gradually build up 
to a point where sufficient solids are present to permit turning 
the entire sewage flow into the aeration tanks. Operation Bull. 
No. 1165, of the Chicago Pump Co., suggests that this can be 











American Well Works Mechanical Aeration Installation at 
McHenry, Il. 


*In the case of plants using American aerators. 


done when the ‘suspended solids in the mixed liquor reach 
ppm., and that careful wasting of activated sludge can be mb. 
when the suspended solids reach 600 to 800 ppm. hoa 

When starting a new activated sludge plant to serve a 
sewer system it is nearly always found that the sewage how 
well below the design flow, which makes it advisable to . 
operations, as described above, utilizing only a portion of the 
total aeration tank capacity of the plant. Similarly, if the pi 
is designed with more than one primary tank and final settli 
tank, it would appear desirable to start operations with calys 
portion of the settling capacity to avoid difficulties from over ; 
detention periods. Obviously, in the smaller plants this flexibility 
of operation of plant units is not common. 

After the activated sludge has been developed, the Operator 
finds that there are several variables over which he can and must 
exercise control in the operation of his plant. Those variables are: 

1. Mixed liquor solids concentration. 

2. Rate of returning sludge. 

3. Application of air (amount of aeration). 

4. Aeration period. 

5. Condition of the activated sludge. 

Those operation variables must be controlled by the operator tp 
keep the plant in balance so that it can accommodate the normal 
loading received, and the same variables must also be regulated 
to accommodate fluctuations in loading, whether seasonal of 
otherwise. The comparison of control practices at the varioys 
plants contributing to this review clearly indicates the effect of 
local conditions upon control procedures. 


Mixed Liquor Solids Concentration 


The operation variable which usually receives first attention, 
and which is often considered the most important in activated 
sludge plant operation, is the mixed liquor solids concentration, 
The concentration of solids carried in the aeration tanks is ad- 
justed by apportioning the activated sludge removed from the 
final settling tank between return and waste, this apportionment 
being accomplished in one of several ways, depending on the 
plant design. 

In plants equipped for automatic sludge return (utilizing 
American aerators), wasting of activated sludge is usually con- 
trolled by a telescoping valve installed on the end of a sludge 
line branching off the return line and located in a waste sludge 
well. In plants employing pumps for returning sludge, the sludge 
is commonly pumped to a division box which can be manually 
adjusted to apportion the activated sludge between return and 
waste. In the case of the Chicago combination aerator-clarifier 
plant, a special waste activated sludge hopper is provided through 
which there is a circulation of mixed liquor at a controllable 
rate. Settling of waste activated sludge takes place in this hopper. 

Data including the average and range of mixed liquor solids 
carried in the aeration tanks of 29 plants, together with the 
average sludge index and 30 minute mixed liquor settleable solids, 
are tabulated in Table II. These data indicate that fourteen of 
the plants carry average solids of 600 to 1,000 ppm., five plants 
carry average solids of 300 to 500 ppm., and one plant carries 


TABLE II. 
Mixed Liquor and Return Sludge Data 


‘Average 
Return 
Rate (%) 


Mixed Liquor Suspended 
Solids (ppm.) 
Plant Average Range 
Batavia, Illinois .... ak, ah 824 806- 851 
Belvidere, Illinois ..... _* 557 416- 905 
Birmingham, Michigan .. 2,000 ,500-2,600 
Bryan, Ohio iebenees 711 557- 780 
3uchanan, Michigan ...... 676 530- 882 
Bucyrus, Ohio o6é460" ee . 
Carlstrom Field re 840 260-1,400 
Coldwater, Michigan ....... 1,876 ,550-2,080 
Crystal Lake, Ill. ae 550 — 
RIOTE PION ccccccce +. 744 467- 910 
East Lansing, Mich. 500-1,790 
Elmhurst, Illinois 33 315- 655 
Ferguson, Mo. .... 200- 600 
Geneva, Illinois rai 52 443- 778 
Great Lakes, 700-1,000 
Greece, New 669-1,470 
Illinois Ordnance 500-1,400 
Kewanee, Illinois tence 200-2,800 
Knightstown, Ind. . — 
Ladd, Illinois . 300-1,000 
Lambert Fielc 5 == 
Laurens, S. Car. ) 500- 700 
Milton Junction, Wis. — 
Radnor—Haverford, : 800-1,000 
Riddle Field 5 - 
Rochelle, Illinois f 310- 534 
Stevens Point, Tis. ) 500- 900 
Waterloo, Illinois 


Willow Run 650-1,550 
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Average Mixed 
Liquor Set- 
tleable Solids 
(% in 30 min.) 


—Return Sludge————_"—_ 
Average 
Return Suspended 
Rate Range Solids (ppm.) 
1,519 56 
_— 643 
10,700 70 
2,037 603 
266 
4,800 150 
Ps 631 
4,583 122 
* 85 
483 
53 
530 
360 
110 
280 
173 
48 
309 
800 
167 
700 


Average 
Sludge 
Index 
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an average of only 200 ppm. Six of the plants carry average 
2 lids of over 1,000 ppm., two of which (Birmingham, Mich., 
a the Michigan State Home at Coldwater) carry averages of 
2,000 and 1,876 ppm., respectively. 

Grinnell (Birmingham, Mich.) states that his plant is nor- 
mally operating at nearly 100 per cent overload, which makes it 
necessary to Carry as high a mixed liquor solids concentration 
and index as possible in order to obtain good treatment at the 
short aeration period. At concentrations above 2,600 ppm. diffi- 
culty is experienced with floc carrying over the weirs of the 
fnal settling tanks, and this problem is accentuated when the 
volatile solids in the mixed liquor exceed 75 per cent. 


Grinnell further states that he attempts to maintain a sludge 
high in per cent volatile solids and as slow in settling as the 


as ‘ . ° ° 
plant flow loading will allow without carrying floc over the 
weirs. The sludge high in volatile content is, of course, more 
active. This is important in an overloaded plant in which it is 


necessary to obtain the most from the sludge concentration which 
can be carried. Grinnell states that two intercepting sewers lead 
to his plant, one of which carries very dilute sewage following 
rains. It is usually necessary to by-pass this sewage, which is 
high in ash content (fixed solids) due to the silt washed off the 
gravel streets in the contributing area: If the volatile content 
of the mixed liquor is high when a rain occurs, the high ash 
content sewage is carried into the plant for a time to reduce these 
high volatile solids, thus to make the sludge more dense so that 
it will settle in the final tanks at the increased rate of flow. If 
loading of the sludge with the silt-bearing sewage is carried to 

a point where the mixed liquor solids are lowered to 50 per 
cent volatile, or less, Grinnell states that an insufficiently active 
sludge results, as might be expected. 

Tompkins (Michigan State Home, Coldwater) indicates that 
best results are obtained at his plant with an average mixed 
liquor solids concentration of 1800-1900 ppm. Decker (Bryan, 
Ohio) indicates that best results are obtained there when the 
mixed liquor solids are carried at 800 ppm. He indicates that 
about 100 ppm. higher mixed liquor solids are usually carried 
on Monday, the local washday, to compensate for the additional 
load. 

Lamb (Belvidere, Ill.) carries an average of 557 ppm. of 
mixed liquor solids. He prefers to operate with mixed liquor 
solids as low as possible since it has been his experience that, 
while the plant might be somewhat more sensitive to upset at 
the lower solids concentrations, it will recover from an upset 
much faster than ‘at higher solids values. Patriarche (East 
Lansing, Mich.) indicates that best results are obtained there at 
concentrations of 1,100 ppm., but states that the concentrations 
vary over a rather wide range in spite of efforts to control them. 
That this difficulty is similarly experienced in many plants is 
indicated by the rather wide range of mixed liquor solids re- 
ported from nearly every plant. 

Denise (Greece, N. Y.) states that 800 ppm. of solids are 
carried during the summer months and about 1,100 ppm. during 
the winter months. It was not indicated whether a_ higher 
volatile solids content during the summer months enables lower- 
ing the mixed liquor solids, or whether there might be a drop 
in the load during the summer, which would appear rather 
unlikely. Carothers (Riddle Aeronautical Institute) indicates that 
his rule for mixed liquor solids is “the higher the better, com- 
mensurate with the oxygen supply.” 

Freeman (Geneva, Ill.) maintains approximately 620 ppm. 
of mixed liquor solids, but due to other duties which make it 
impossible to maintain as complete laboratory data as desired, 
mixed liquor solids are controlled on the basis of the settleable 
solids test, an effort being made to maintain between 5 and 8 
per cent after 30 minutes. Lt. Comdr. Klay (Lambert Field, St. 
Louis) indicates that the settleable solids test on the mixed 
liquor is used to control the concentration, as does Bradley 
(Buchanan, Mich.) and Longley at Radnor-Haverford, Pa. 
Fischer (Kewanee, Ill.) attempts to maintain 800 to 1,000 ppm. 
of mixed liquor solids, and utilizes both suspended and settleable 
solids as a control basis for determining return sludge and 
wastage. . 

In general, the amount of mixed liquor solids which can be 
carried in a plant is limited enly by the air supply and by certain 
hydraulic capacity factors. It is noteworthy here that mixed 
liquor solids concentrations as high as 2,600 ppm. are carried 
in one plant utilizing mechanical aerators, apparently without 
difficulty in supplying adequate aeration. The 2,600 ppm. of 
solids are carried at Birmingham, Mich., with operation of the 
aerators only 50 per cent of the time, and a dissolved oxygen 
content of 4.0 ppm. is maintained in the final aerator. It should 
be noted that the sewage at Birmingham is quite weak, however, 
an average aeration period of only 4.05 hr. being available. It 
appears that the solids concentration which can be carried in 
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some mechanical activated sludge plants overlaps well into the 
range of solids usually associated with diffused air operation. 

It is logical, from the standpoint of economic considerations, 
that no more mixed liquor solids be carried than necessary to 
meet the conditions under which a plant must operate and to 
permit obtaining the required effluent quality. Where the strength 
of sewage is widely variable, care must be exercised to maintain 
sufficient solids to handle the peak load. Most operators, par- 
ticularly those operating plants treating widely variable sewages, 
must determine by intelligent trial and error methods the mixed 
liquor solids concentration which gives the best and most eco- 
nomical results, first emphasis being placed upon obtaining an 
effluent fitted to the outlet stream requirements. 

The Chicago Pump Co. (Operation Bull. No. 1165) states 
that the operation of many plants utilizing Chicago mechanical 
aerators has indicated that for best results the mixed liquor solids 
should be from 600 to 1,000 ppm. Likewise, experience with 
their combination aerator-clarifier has indicated that best results 
are obtained in the 500 to 800 ppm. solids range. Yeomans 
Brothers suggests a range of mixed liquor solids from 300 to 
1,000 ppm., with an average taken at about 500 ppm. They 
further point out the need for the experimentation to determine 
the optimum concentration for any given plant. 




















Chicago Pump Co. “Package” Plant at Consolidated Vultee Air- 
craft Corp., Miami, Fla. 


At most of the mechanical activated sludge plants covered in 
this review, the suspended solids test is used as the basis for 
controlling the mixed liquor solids; however, at five of the 
plants it was indicated that the settleable solids determination 
is used for that purpose. Most of the plants reporting indicated 
that settleable solids in the mixed liquor are utilized largely as an 
indication of the general condition of the sludge and for com- 
puting the sludge index, and several operators referred to the 
difficulty in controlling a plant on the basis of settleable solids 
alone because of the variable settling characteristics of the sludge. 

Cértner (Indiana Children’s Home, Knightstown) utilizes a 
centrifuge in controlling mixed liquor solids, in lieu of suspended 
or settleable solids, as does Lovejoy at Laurens, S. C. In that 
regard, it, should be stated that there are many plants utilizing 
centrifuge results on mixed liquor as a control test. 

The bulletin on “The Operation of a Chicago Combination 
Aerator-Clarifier Plant” states: 


“It has been found that a centrifuge, either hand operated or 
electric, is a big help in controlling the concentration of solids in 
the mixed liquor. If the character of the sludge changes, the 
settling tests may vary greatly without any great change in the 
weight of the solids present; or vice versa. The centrifuge read- 
ings vary only slightly, regardless of the character of the sludge, 
being nearly directly proportional to the weight of solids present. 
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The centrifuge cannot replace the balance for accuracy, but is 
close enough for control of the mixed liquor solids and is far 
more accurate than the settling test alone. 

“A centrifuge comes with two 15 cc. graduated tubes. Fill 
these to the mark with a well mixed sample from the aerator 
and insert in the holders. Spin for 3 minutes at 1,800 rpm.’ (2 
revolutions per second with the commonly used hand centrifuge). 
Let the centrifuge die down without braking and read the sludge 
volume in the bottom. A reading of 0.25 to 0.40 ml. gives the 
proper amount of solids. This is approximately the same as 500 
to 800 ppm. suspended solids.”’ 

A study of the average mixed liquor settleable solids data for 
the- various plants, as tabulated in Table II, indicates a wide 
variation in per cent settleable solids for sludges of approximately 
the same suspended solids concentration, which is further verifi- 
cation of the need for intelligent and careful use of settleable 
solids if it is to be depended on as the sole basis for controlling 
mixed liquor solids concentration. 

As a general average, in plants treating normal domestic sew- 
ages not containing troublesome industrial wastes, it may be 
stated that with activated sludges of good settling characteristics, 
30-minute settleable solids in the 10 to 20 per cent range are 
most common. 

Summarizing briefly, the following comments regarding mixed 
liquor solids control are offered : 


1. Concentrations of 600 to 1,100 ppm. appear to be most 
common, although some plants operate below that range, and 
local conditions require that some plants operate above it. It is 
noteworthy that two plants included in this review are carrying 
concentrations normally associated only with diffused air opera- 
tion, and without difficulty in supplying adequate aeration. 

2. At all but five of the plants here represented, mixed liquor 
solids are controlled by use of suspended solids or centrifuge 
results, those five making use of settleable solids. It is recog- 
nized that many plants operate entirely on the basis of settleable 
solids, which procedure requires alertness on the part of the 
operator in interpreting the changes which occur in sludge set- 
tleability. 

3. As stated by Wisely in his review of diffused air operation 
(see Water Works and Sewerage, June, 1944), it is suggested 
that there be no hesitancy in varying the mixed liquor solids to 
meet seasonal variations in load and temperature. 

4. There does not appear to be evidence of any trend among 
the mechanical activated sludge plant operators to utilize the 
volatile content of the mixed liquor solids as a control basis in 
lieu of the total suspended solids, only one operator having an 
overloaded plant serving a combined sewer system indicating the 
use. of volatile solids as a control. 


Rate of Returning Sludge 


The return of settled activated sludge from the final settling 
tanks to the aeration tanks serves to maintain the necessary solids 
concentration in the mixed liquor, and keeps the activated sludge 
in a usable condition. Sludge which remains in the final tanks 
too long will become septic and, upon its return to the aeration 
tanks, will exert a high oxygen demand, will not perform its 
purification functions effectively, and may readily cause a com- 
plete plant upset. Too low a rate of return may result in a 
septic return sludge: conversely, too high a rate of return may 
presumably cause difficulty in disposing of the excess sludge, 
due to the larger volume which would have to be wasted of 
the resulting dilute sludge in order to maintain the mixed liquor 
solids at the desired concentration. 

Walker (American Well Works), in the lecture notes pre- 
viously quoted, listed the following causes of a septic return 
sludge : 

“1. The return pumping rate is not great enough and a blanket 
forms on the floor of the final tank, causing the activated sludge 
to be out of aeration too long. 

“2. Faulty, slow or inefficient sludge conveying mechanisms in 
the final tanks 

“3. Bad draw-off hydraulics causing ‘holes’ to be pulled in the 
hoppers and leaving the sludge behind. 

“4. Final tank units too large, making expeditious movement 
of settled sludge impossible. 

“5. Not enough activated sludge available to treat the organic 
matter fed to it. 

“6. Too much dense primary solid matter enmeshed in* the 
activated sludge 

“Where return activated sludge is septic and reaeration is 
impossible, either increasing the aeration at the head end, or 
returning sludge at a number of points along the line of flow 
may prove helpful.” : 

The rates of return sludge practiced in the plants contributing 
to this summary, together with the return sludge suspended solids 
data, are tabulated in Table II. Of the 24 plants. indicating their 
return sludge rate, 12 employ rates between 20 and 30 per cent, 
eight employ rates between 30 and 50 per cent, one employs a 
rate of 61 per cent, and only three employ rates under 20 per 
cent. The data on the range of the return sludge rate indicate 
a considerable variation in the return sludge rate at a number 
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of plants. Sludge return rates for the combination aerator 
clarifier plants are not given, as the automatic return of sludge 
is a feature of that design. 

The operation bulletin of the Chicago Pump Co. suggests tha 
the rate of returning sludge should be at 20 to per cent 
the sewage flow, and warning is given against allowing the sj . 
to become septic at any point. Yeomans Brothers suggests 
return sludge rate of 15 to 20 per cent, indicating it may he 
less than that, but they do not recommend a rate in excess of 
20 per cent. Yeomans further suggests that the best Tate of 
sludge return be determined by test so that the optimum mixed 
liquor solids concentration is maintained to produce the highest 
degree of treatment. 

A study of the return sludge suspended solids data does Not 
reveal any definite relationship between the concentration of 
return sludge and the rate of sludge return. Variations in 
sampling methods may explain this seeming inconsistency, |; 
is generally expected that lower solids concentrations will resyl 
from the higher return sludge rates. 

Of the plants commenting on the maintenance of a. sludge 
blanket in the final settling tanks, 14 plants do not maintain , 
blanket, but seven plants indicate that a sludge blanket is maip. 
tained. In the latter cases; the depth of sludge blanket maintained 
was not indicated. The general tendency is to minimize the 
accumulation of a sludge blanket as much as possible, and it May 
also be stated that limitations in the sludge return facilities a 
some plants make it necessary to maintain a blanket. Some plants 











Sectional View of Chicago Pump Co. Combination Aerator- 
Clarifier. 


do maintain some sludge blanket so that this sludge will be 
available for shock loads; however, that practice was not referred 
to specifically by any of the plants contributing to this summary. 


Application of Air 


In diffused air activated sludge plant operation, the air must 
serve both as a mixing agent and to maintain the aerobic con- 
ditions required for effective operation. In a mechanical activated 
sludge plant, the air serves to satisfy the oxygen requirements 
of the activated sludge-sewage mixture and to maintain aerobic 
conditions, the mixing being accomplished by the mechanical 
aerator as it circulates the contents of the aeration tank. It -is 
by means of this mechanical circulation that the conditions re- 
quisite for the entrainment of air in the mixed liquor are obtained. 
In a mechanical activated sludge plant the total quantity of air 
available is governed by the number of aerators in use and by 
the basic oxygenation capacity of the aerators, which is some- 
what variable by means of adjustment of the equipment. 

Certain of the Yeomans Brothers-Simplex aerators are 
equipped so that the amount of air applied can be varied by a 
simple adjustment of the speed of rotation of the aerator cone. 
Speed regulation from 30 per cent below to 30 per cent above 
normal speed is commonly provided. 

The aerators of the Chicago Pump Co. are rated at about 6 
ppm. of oxygen supplied to the entire tank contents per tank 
turnover, the number of tank turnovers per hour determining 
the basic oxygenation capacity rating. In an existing installation, 
the oxygenation capacity of Chicago aerators can be increased 
about 25 per cent by increasing the aeration propeller size, and 
about 150 per cent by increasing both propeller and motor sizes, 
according to their Bulletin 128-L. 

The American Well Works aerators are of the injector plate 
and mixing well type, or of the type equipped solely with air 
intake tubes. In the well type, the water level in the well can 
be regulated by adjusting the openings in the injector plate, which 
also regulates the air input. In the air tube type, the quantity 
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can be readily adjusted by opening or closing the 


ir applied c 

ot ce mt on the air intake tubes. : re 
For flexibility and economy of operation, the majority of 
mechanical activated sludge plants are equipped with time-clock 
control for the aerators which, by means of a simple adjustment, 


allows any desired operation-rest cycle during each cycle of the 
clock. The clock cycle is usually 15 or 20 minutes. The sewage 
strength at the majority of plants varies considerably, and for 
that reason it would not be economical to operate the aerators 
continuously at the same rate required for strong sewage at those 
times when a dilute sewage is received for treatment. In adjust- 
ing the time-clock control for the aerators the operator is nearly 
always guided by the dissolved oxygen content of the mixed 
liquor, most operators attempting to maintain a definite oxygen 
threshold before resorting to time-clock control. 


TABLE III 
Aerator Operation and Dissolved Oxygen Control 














Average 

Operation of Mixed Liquor D.O. Final 

Aerators, (ppm.) Effluent 

Per Cent Mid- D.O. 

Plant of Time Inlet point Outlet (ppm.) 
atavia, Illinois .......... 76 1.0 2.5 5.0 3.2 
Belvidere, Illinois ......... (1) — 3.4 5.1 
Birmingham, Michigan 50 aici 4.0 2.0 
Bryan, Ohio .........+-++.- 50-100 0.1 2.0 34 123 
Buchanan, Michigan ...... 100 a ail 5. coe 
Bucyrus, Ohio ............ 85 _ ons aan 5.6 
Caristrom Field .........-. 90 2.1 2.1 2.1 2.7 
Coldwater, Michigan ...... 90 —~ — 6.0 5.0 
Crystal Lake, Ill........... 5 — on ga 2.0 
CE scaseuarses 0es06 90 2.7 = nd 2°9 
East Lansing, Mich........50-100 292 3.5 5.2 46 
Elmhurst, illinois ......... 100 on pe 30 6.0 
Ferguson, Mo. ............ 65 —_ i 4.5 5.0 
Geneva, Illinois ........... 100 0.2 2.2 3:0 4.6 
ei See 80 20 15 0.2 
Greece, New York......... 100 _ ae 4.4 26 
Illinois Ordnance .......... 40 2.0 3-4 4.5 6.0 
Kewanee, Illinois ......... 77 — ni ine 2.7 
Knightstown, Ind. ........ 100 <a sad 6.0 
Ladd, EE ek hac geek is a0 1.0 4-5 6.2 6.0 
Lambert Wield ...ccccscees 62 — met 3.0 20 
Laurens, 8. Car. .......... 100 3.5 nae 4.0 25 
Milton Junction, Wis. ..... 75 — oe 20 0.4-1.0 
Radnor—Haverford, Pa.... 100 1.7 2.8 5.0 4.6 
See 70 —_ 1.8 fend 44 
Rochelle, Illinois .......... 100 1.8 4.0 6.6 41 
Stevens Point, Wis........ 66 — we 0.3 0:8 
Waterloo, Illinois ... ...... 95 3-4 4.1 4.9 4.7 
Willow Run ...........+.++ 100 2.7 2.3 3.7 17 





| 


(1) Operated according to oxygen demand curve. 


Table III indicates the average per cent of time that the 
aerators are in operation at the various plants, and also indicates 
average dissolved oxygen values in the mixed liquor at the inlet, 
mid-point and outlet of the aeration tank battery. 

Decker (Bryan, Ohio) attempts to maintain 0.5 to 1.0 ppm. 
as a minimum dissolved oxygen concentration in regulating his 
time-clock control of aeration. Olson (Batavia, Ill.) has the 
last four of his six operating aerators on time-clock control, 
and he attempts to maintain a D.O. of 4.0 ppm. in the final 
aerator to meet shock loads of milk wastes. Grinnell (Birming- 
ham, Mich.) operates his aerators to maintain a minimum D.O. 
of about 2.0 ppm. in the final effluent, which gives an average 
of 4.0 ppm. in the final aerator. The sewage at Birmingham is 
quite weak, and although 2,600 ppm. of mixed liquor suspended 
solids are carried at times, the operation of the aerators 50 per 
cent of the time has proved adequate. 

Lamb, at Belvidere, Ill, made some rather extensive oxygen 
demand studies by means of the Odeeometer and determined a 
typical oxygen demand curve for the conditions encountered at 
Belvidere. He states: 

“The curve shows that at Belvidere large amounts of air are 
needed to satisfy the demand during the first 15 minutes of 
aeration period, and that at least a 7-hour aeration period is 
needed. By operating aeration units in accordance with this 
curve, we have obtained excellent operation with economy. Before 
operating in accordance with this curve, tests showed that there 
was considerable variation in the oxygen demand of the return 
sludge. On many occasions this demand was considerably higher 
than could be furnished by the aeration units. 

“Tests taken after operating in accordance with the oxygen 
demand curve show that operation by this method eliminates 
excessive oxygen demand of the return sludge, and keeps the 
demand down where the aerators can meet it. 

“The economy of operation is attested by the fact that power 
consumption has been reduced from a previous figure of 0.371 
kw. hr. per 1b. B.O.D. removed in 1938 to 0.293 in 1939, 0.281 in 
1940, and 0.257 in 1941. 

_ “Aerators are cut in and out of service and time-clock opera- 
tion used in order to meet the changing oxygen demand brought 
about by changes in either the volume or strength of the sewage.” 
(Note: A complete description of the experimental work done by 
Lamb, and its interpretation in plant operation, is given in his 
thesis, “The Operation of an Activated Sludge Treatment Works 
with Special Reference to the Treatment of Cannery Wastes and 
the Oxygen Demand of Sewage and Activated Sludge Mixtures,’ 
University of Illinois Graduate School, 1940.) 
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Lamb further states that dissolved oxygen tests are made 
twice daily on the mixed liquor in the final aerators in each of 
the three batteries, and a low D.O. in the evening followed by 
a substantial recovery the next morning indicates economical 
operation in accordance with the oxygen demand curve. 

Howe (Illinois Ordnance Plant) operates the aerators a suffi- 
cient time to produce an effluent in which the dissolved oxygen 
content is as great or greater than the B.O.D. of the same 
effluent. The Illinois Ordnance Plant is operating considerably 
below the design flow, and as a result the lift stations operate 
at irregular intervals causing the sewage flow to be received 
more or less as shock loads. Due to the long aeration period 
available, however, operation of the aerators during 40 per cent 
of a time-clock cycle has proved adequate to maintain a high 
degree of treatment. 

Patriarche (East Lansing) finds that as long as a slight 
amount of dissolved oxygen can be maintained in the return 
sludge, his plant is operating satisfactorily. A dilute sewage 
during the spring months makes 50 per cent time-clock operation 
of the aerators adequate, but*nearly 100 per cent operation is 
considered necessary during the summer. An average D.O. of 
5.2 ppm. is maintained in the final aerator. Patriarche states 
that a tapered aeration schedule has been tried, but that better 
results are obtained by operating all aerators the same percentage 
of time. 











Yeomans-Simplex Mechanical “Aerifier” at Gulf Shores, Fla. 


Denise (Greece, N. Y.) indicates that about 2.2 hours’ pre- 
aeration of the primary effluent is standard operation, the sewage 
leaving the preaerator having a D.O. of 1.5 to 3.0 ppm: 
One hundred per cent operation of the aerators maintains a 
minimum of 4.0 ppm. D.O. in the final aerator. Tanari (Ladd, 
Ill.) indicates that from 4.0 to 6.0 ppm. D.O. seems to be neces- 
sary to prevent bulking, which is probably caused by milk wastes. 

Wolf (Waterloo, Ill.) attempts to maintain at least 3.0 ppm. 
of dissolved oxygen before resorting to time-clock control, as 
does Tompkins at the Michigan State Home. Tompkins has one 
time-clock for controlling the last two of the three aerators, the 
first aerator being run 100 per cent of the time. Lt. Comdr. Klay 
(Lambert Field) indicates that an average D.O. of 3.0 ppm. is 
maintained in the final aerator. 

Fischer (Kewanee, Ill.) has operated on a tapered aeration 
schedule, operating four aerators 100 per cent, four at 75 per 
cent and four at 50 per cent of the time. Lovejoy (Laurens, 
S. C.) indicates that his plant was designed for tapered aeration, 
consequently all aerators are run continuously. 

Miller, at Great Lakes, operates the mechanical aerators 80 
per cent of each clock cycle. Due to the exceptionally strong 
sewage at Great Lakes it was found necessary to supplement the 
mechanical aeration with diffused air at approximately 1 cu. ft. 
per gallon, equivalent to about 490 cu. ft. per pound of B.O.D. 
removed. The supplemental diffused air system was designed 
for tapered aeration. Dulmage (Willow Run Bomber Plant) 


indicates that 100 per cent operation of the aerators has been 
necessary to maintain sufficient dissolved oxygen in the aeration 
tanks. 
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Several operators referred to the need for building up dis- 
solved oxygen in the mixed liquor to meet shock loads. 


Aeration Period 

Stronger sewages require longer aeration periods in order to 
obtain a high degree of treatment, although some adjustment can 
be made by varying the mixed liquor solids within the limits of 
the air supply. Adjustments in the aeration period are made by 
placing aeration tanks in or out of service. 

Table I lists the average aeration periods for the contributing 
plants. A wide variation in available plant capacity is indicated. 
In studying the aeration periods and sewage strengths indicated, 
it is not surprising that a considerable variation in operation con- 
trol practices exists. ; 

At six of the plants reporting, aeration periods between 3 and 
6 hours are indicated; at six plants aeration periods in the 6 to 
9 hour range are reported; at six plants aeration periods are in 
the 9 to 12 hour range. The remaining plants have aeration 
periods in excess of 12 hours. One plant, which is a combination 
aerator-clarifier plant operating far below capacity, actually has 
a 42-hour aeration period. Carothers, at that plant (Riddle Field, 
Clewiston, Fla.), indicates some difficulty with rising sludge in 
the final tank due to overaeration. 

Few of the plants included in this review indicated that the 
aeration period is used as an operation control. Lamb (Belvidere) 
does place aeration tanks in and out of service as required by 
the sewage flow and strength, as does Freeman (Geneva). Denise 
(Greece) used four or five of the available eight aeration tanks 
during 1943 to maintain an average aeration period of 8.8 hours. 

None of the plants indicated that reaeration of return sludge 
is practiced, although Decker (Bryan) suggested that some 
aeration of return sludge is effected in his plant by the unusual 
design, which provides a seven-foot fall from the return sludge 
draw-off pipe, and two additional cataracts of five feet from the 
sludge division box. 

Normally, plants having adequate aeration periods have less 
difficulty maintaining a well conditioned activated sludge and, 
therefore, are less affected by shock loads than plants which 
must operate with a low aeration period, low to the extent that 
it must be compensated for by carrying higher mixed liquor 
solids. 


Condition of the Sludge 


The operator is constantly guided by the condition of the 
activated sludge in controlling the operation variables, and the 
maintenance of a well conditioned sludge reflects the success of 
the operation procedures, although at times the activated sludge 
assumes characteristics which can be controlled with extreme 
difficulty if at all. In determining the condition of the activated 
sludge, the operator is most commonly guided by some or all 
of the following observations: 

1. Physical appearance, both in the aeration tank and in the 
laboratory, and odor. 

2. Settling characteristics, and sludge index. 

3. Microscopic examination. 

4. Sludge activity, often referred to as oxygen demand, as 
determined by the Odeeometer or by direct chemical methods. 

Appearance and Odor—A well conditioned activated sludge is 
usually golden to moderate brown in color, has a pronounced, 
spicy (sometimes described as earthy) odor, and, upon becoming 
septic, assumes a sour odor and a gray to black color. A sample 
of a well conditioned activated sludge, when allowed to settle in 
a graduate, will usually become gas lifted to the surface in a few 
hours. 

\ well conditioned activated sludge, when placed in a glass 
cylinder, will quickly form itself into clearly defined flocs and 
then settle readily. As the sludge mass begins to settle, an 
upward movement of some flocs within the settling sludge mass 
is usually apparent as other’ flocs subside. 

An experienced operator can usually determine from the ap- 
pearance of the mixed liquor in the aeration tanks, to some 
extent at least, whether a well conditioned sludge is being main- 
tained. In that regard, the Operation Bulletin of the American 
Well Works suggests: 

“Another way of judging the condition of the aeration tank is 
to notice if the tank has a lively, active look while the air diffu- 
sion unit is running. Foam should be plentiful and white, and 
an active bubble pattern should form. When the machine is 
stépped, the sludge should rapidly crease and form furls. These 
furls should keep constantly changing and moving. If the sludge 
is in poor condition, the tank will have a dead look while the 
machine is running. There will be little or no foam present and 
the color of the sludge will change from brown to a pasty gray. 
When the machine is stopped the sludge will lie with an even 
surface and there will be no immediate creasing and furling.” 

Settling Characteristics and Sludge Index—The success of 
activated sludge plant operation depends largely on maintaining 
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the settleability of the activated sludge since the ready separati 
of the liquid and the sludge in the final sedimentation nite 
the final prerequisite to the production of a good effluent, Dis. 
regarding activated sludges affected by industrial wastes thirty. 
minute settleable solids in the 10 to 20 per cent range are most 
common. Values above and below that range are also quite com. 
mon, as the data in Table II would indicate. 

The sludge index (Mohlman), commonly defined as the volume 
in mililiters occupied by one gram of sludge after thirty minutey 
settling, is an expression of the density of. the activated sludge 
and is found to be a helpful guide in plant operation. A rising 
sludge index may indicate underaeration, an overload, or a bulk. 
ing tendency. The wide variation in average sludge index among 
the plants contributing’ to this summary, as listed in Table II, is 
most interesting and indicates the importance of determining the 
optimum operating range for any given plant. An index atten. 
dant to normal operation at one plant may occur during im- 
pending or actual bulking. at another plant. 

Microscopic Examination—The use of the microscope in ob. 
serving activated sludge condition is reported by five plants, 
Longley (Radnor-Haverford) reports weekly observations to 
check for Sphaerotilus natans. Miller (Great Lakes) makes daily 
microscopic examinations of mixed liquor and return sludge to 
check for Sphaecrotilus and to observe the activity and types of 
organisms. Dulmage (Willow Run Bomber Plant) uses the 
microscope to check the general appearance of the sludge as qa 
parameter of sludge condition. Occasional observations are made 
at Kewanee, Ill., and at least weekly at Michigan State Home. 

Sludge Activity—The oxygen utilization rate of the sludge in 
ppm. per hour, commonly referred to as sludge activity or oxygen 
demand, as determined by the Odeeometer or by direct chemical 
methods, is not utilized in most mechanical activated sludge 
plants. Of the plants included in this review, only Lamb at 
Belvidere has made use of extensive oxygen demand studies in 
plant operation, as previously recounted in this review. 


Operation Problems 


Bulking of Activated Sludge—Nearly every activated sludge 
plant has at some time experienced a bulking condition of the 
activated sludge which is characterized by the loss of sludge 
settleability to such an extent that natural tank currents carry 
the sludge over the weirs. Bulking tendencies naturally. occur 
with varying severity, and bulking may follow any condition from 
a mild expansion of the activated sludge to one in which there 
is little or no settlement of the sludge. Whether or not bulking 
will occur with any given degree of loss of sludge settleability 
will depend upon final settling tank flow velocities. At some 
plants, overloaded as to flow rate, a loss of solids occurs which 
is the direct result of excessive overflow rates in final sedimenta- 
tion units. This condition simulates bulking but is not related 
to activated sludge condition. 

Of the plants represented here, eight reported little or no 
trouble, two gave no reply, and the remainder indicated bulking 
difficulties with summarized causes as follows: 

1. Shock loads from industrial wastes reportedly account for 
bulking at eight plants. Milk wastes and wastes containing ex- 
cessive grease content were the major reported causes of bulking 
attributed to industrial wastes. The plant at Laurens, S. C., re- 
ports bulking due to shock loads of starch and dye wastes from 
a textile industry. 

2. Septic sewage was listed as a cause of bulking at five 
plants, three of which indicated this difficulty usually follows a 
rain which flushes accumulated septic sewage solids from com- 
bined sewers. Difficulty with the carryover of waste activated 
sludge back to the aeration tanks was listed as a cause of bulk- 
ing at several plants. Bulking sometimes follows the discharge 
of heavy supernatant liquor to the raw sewage at a number of 
plants. 

3. The loss of operation balance was referred to by Bradley 
(Buchanan). and Patriarche (East Lansing) as basic causes of 
bulking. Patriarche specifically referred to bulking as resulting 
from too high or too low mixed liquor solids. Inadequate aera- 
tion might also be a cause. ; 

4. It is common for overloaded: plants to experience chronic 
bulking which defies the usual remedies. In cases of consistent 
organic overloading, unless the cause lends itself to ready reduc- 
tion through pre-treatment or other practices, plant expansion 
is usually indicated for chronic bulking elimination. 

5. High pH in the mixed liquor was attributed by Carothers 





(Riddle Aeronautical Institute) as a cause of bulking at a plant 
serving a military camp having a lime-softened water supply. 
Continuous, careful attention to the operation variables will 
prevent many cases of bulking, as will the exercise of careful 
and intelligent control over industrial wastes discharging to the 
sewers. Requiring industry to provide pretreatment of trouble- 
some wastes, removal of toxic wastes, and/or flow equalization 
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t to assure more uniform rates of discharge to the 
ften will minimize industrial waste influences. 

oads are a known cause of mulking, and if the loads 
are of such intensity that compensation or adjustment of .opera- 
a riables may prevent or minimize some such cases of bulk- 
ae then it is obviously advantageous to learn to recognize 
promptly the receipt of a shock load so that preventive adjust- 
ments in operation may be made immediately. Air application 
and return sludge rate are commonly increased to meet shock 
loads. Either or both visual observations and analytical deter- 
minations may serve to indicate receipt of shock loads, depending 
on the nature of the wastes involved. : 

A common practice among operators upon the first evidence 
bulking is to increase the application of air and the return 
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y rate. If possible, reducing the load applied to the aeration 
tanks is a helpful adjunct since the intensity of loading is 


normally closely associated with bulking tendencies. Dick (Elm- 
hurst, Ill.) indicates bulking control by increasing rate of return 


sludge and sludge wastage (probably applied after bulking is 


in progress ). z ‘ ae ‘ 
Chlorination of the return sludge is utilized at Great Lakes, 
Batavia, Bucyrus, and Radnor-Haverford as a remedy for bulk- 








Sectional View of Yeomans-Simplex “Aerifier.” 


ing. Miller (Great Lakes) begins chlorination of the return 
sludge at the first evidence of impending bulking, a dosage of 
about 4 ppm., based on raw sewage flow being utilized. Longley 
(Radnor-Haverford) indicates that bulking occurs frequently, 
but reports excellent control by chlorination of the return sludge 
at a dosage of 10 ppm., based on the return sludge flow. 

Olson (Batavia) reports varied success in bulking control 
with the use of copper sulfate, and Todd (Milton Junction, 
Wis.) reports some success with the use of lime. Patriarche 
(East Lansing) controls bulking by the careful discharge of 
heavy supernatant liquor (20,000 to 40,000 ppm. suspended solids ) 
direct to the aerators, at the same time increasing the application 
of air, if possible. This method is used at the first signs of 
bulking as a preventive measure rather than a cure, and Patri- 
arche reports that, if done carefully, it has always been very 
effective. A well conditioned activated sludge is usually restored, 
at East Lansing, by this method in about two days. Patriarche 
cautions that the mixed liquor solids concentration must be care- 
fully watched. 

Denise (Greece, N. Y.) reports that no bulking has occurred 
there since the practice of aerating the primary effluent prior to 
adding the return activated sludge was established. An average 
aeration period of 2.2 hours is utilized for that purpose, and the 
primary effluent contains 1.5 to 3 ppm. of dissolved oxygen when 
the return activated sludge is added. This procedure freshens 
the sewage and reduces its oxygen demand, and is most helpful 
in cases where a septic sewage is received. Preaeration before 
primary sedimentation of a septic sewage would probably be of 
greater overall benefit; however, few plants are so equipped. 

_ Carothers (Riddle Aeronautical Institute) indicates that bulk- 
ing was attributed to too high a pH in the sewage at a military 
camp in Florida. He indicates that this pH is lowered in the 
primary tanks from 9.5 to 7.8-8.1 by merely stopping sludge 
pumping from those tanks, the drop in pH being attributed to 
the bubbling of the COs gas, formed in the settled sludge, 
through the sewage flowing through the primary tanks. He 
indicates a content of 15 to 20 ppm. free carbon dioxide in the 
primary effluent. The sludge is skimmed off and pumped to the 
digester as soon as it is gas-lifted to the surface. 

The problem at this plant is an unusual one, and the operation 
procedures indicated by Carothers are unusual and certaintly 
unorthodox. An unusual combination of circumstances must exist 
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to permit the successful use of the practices described by him, 
and high prevailing temperatures may be a factor. Primary tank 
efficiencies at Dorr and Carlstrom Fields are low, as would be 
expected as the result of the practices described by Carothers ; 
however, it should be observed that available aeration periods 
are very long. 

To restore the condition of a bulked activated sludge, common 
practice is to waste all or part of the bulky sludge, the amount 
wasted usually depending on whether or not sludge wasting and 
disposal facilities are limited. Denise (Greece) reports that 
prior to the utilization of preaeration of the primary effluent, 
when bulking occurred it was controlled by wasting down to 
400 ppm. suspended solids in the mixed liquor and building up 
again to the normal concentration. 

Rising Sludge in Final Clarifiers —Rising sludge, a condition 
in. which large masses or clouds of sludge rise to the surface of 
the final settling tanks, is attributed to a number of causes by 
the operators contributing to this summary. 

Rising sludge attributed to overaeration occurs at Waterloo, 
Dorr Field, Riddle Field, Laurens and Rochelle. At the latter 
two plants the rising sludge condition follows a drop in the 
industrial wastes load, and Lovejoy, at Laurens, wastes sludge 
as a control measure. This condition is rather common at plants 
handling fluctuating industrial wastes loads, and it may occur at 
afhy plant when the load falls off considerably. Decreasing air 
application and reducing mixed liquor solids may prove helpful; 
however, when reducing mixed liquor solids it should be borne 
in mind that the heavier loadings can be anticipated to return. 

It is difficult, and often impracticable, to adjust mixed liquor 
solids to load variations closely enough to prevent some degree 
of rising sludge from developing. The rising sludge condition 
which sometimes occurs when nitrification is high is commonly 
attributed to the reduction of nitrates in the sludge, the liberated 
nitrogen bubbles buoying the sludge masses to the surface. High 
nitrification commonly accompanies overaeration of the sludge, 
as does the presence of pin point floc in the plant effluent. 

A condition, termed as rising sludge by the operators, occurs 
during the peak flows at Bryan, Batavia, Birmingham, Belvidere 
and Willow Run. This condition is probably closely associated 
with overflow rates and final settling tank velocities. Decker 
(Bryan) controls this condition by checking the sewage flow 
and backing up sewage in the outfall sewer during the peak flow. 
Lamb (Belvidere) indicates some success by increasing the return 
sludge rate. Dulmage, at Willow Run, has had some success in 
controlling this condition by discharging filtrate from the sludge 
filter into the inlet channel of the final settling tanks. 

Septic conditions in the final settling tank sludge blanket will 

often result in the rising of masses of sludge to the surface. 
This was specifically referred to by Todd (Milton Junction), 
and is a basic reason why the majority of plants do not maintain 
a sludge blanket. This condition might occur if the final tank 
sludge collection mechanism was improperly installed or has been 
damaged. 
“Grease and Oil.—The receipt of undue quantities of grease or 
oil can seriously affect activated sludge plant operation. Six of 
the plants contributing to this review indicated some operation 
difficulty from oil or grease. 

Grease may affect operation by acting as an organic overload, 
or bv directly damaging the activated sludge into which it is 
readily absorbed. Impregnation with grease seems to reduce the 
oxygen absorbing powers of activated sludge, thus limiting the 
oxidizing capacitv of the sludge which is reflected in the final 
effluent quality. This effect may be more pronounced when oil 
is received in quantity. 

In lecture notes previously referred. to. Walker (American 
Well Works) stated with reference to grease: 

“Grease passing into the aeration tanks will be readily ad- 
sorbed by activated sludge. This adsorption is accumulative since 
the activated sludge cannot rapidly convert the grease adsorbed. 
Very soon (depending on the amount of grease and the amount 
of activated sludge) the activated sludge hecomes composed of 
one-half or more of grease, and goes sertic and useless, even 
though comovletely aerobic conditions svrrovnd the floc. This is a 
case of putrefaction going on internally in the sludge floc. even 
while a residual of dissolved oxygen exists in the surrounding 
veWhen the activated sludge has adsorbed too much grease. it 
loses its snicv odor and other activated sludge characteristics. 
Tt will turn to a light gray or black color and will refuse to 
settle well in the final settling tank. The effluent will develop a 
suspended turbidity which will be obvious in the clarity test. 
This increase in turbidity (diminishing final clarity) generallv 
precedes the poor settling condition and is nearly always a good 
danger flag to the operator that all is not well.” 

Primary sludges or activated sludges high in grease content 
usually do not. concentrate well. resulting in a digester operation 
problem at some plants. In addition to other effects, the pumping 
of a thin sludge to the digester results in a correspondingly larger 
quantity of supernatant liquor, which often creates a difficult 
disposal problem. 






W. W. & S. — ReEFerENcE & DATA — 1945 











R-210 


Waste Activated Sludge Disposal—Of the plants contributing 
to this summary, eleven reported difficulty with waste activated 
sludge disposal, nine reported no difficulty, and the remainder 
indicated the method of disposal without further comment. 

The most common method of handling waste activated sludge 
is to discharge it to the raw sewage so that the waste solids can 
be removed to the digester, along with the primary solids, after 
concentration in the primary settling tanks. That the method is 
not always satisfactory, however, is attested by the fact that of 
twenty plants utilizing it, eleven indicated that difficulties are 
encountered, and several others indicated that it must be prac- 
ticed with care. 


Failure of the waste activated sludge to settle out in the 
primary tanks during peak flows, thus imposing a recirculating 
load on the aeration tanks, was indicated at East Lansing, Lam- 
bert Field and Radnor-Haverford. Olson (Batavia) indicates 
that difficulty is most pronounced at times when a septic raw 
sewage is received. Browne (Bucyrus) indicates the waste sludge 
does not settle readily in the primary tanks when it contains 
appreciable grease and during the dry weather months (probably 
associated with the high volatile solids commonly prevalent dur- 
ing such periods). 

Dulmage (Willow Run) wastes activated sludge continuously 
to the primary tanks, and adds milk of lime to the waste sludge 
at times to prevent its carryover into the aeration tanks. Enough 
lime is added to raise the pH of the waste sludge to a maximum 
of 9.0, and the method has met with some success. Wolf 
(Waterloo) and Krueger (Ferguson) refer to the necessity for 
frequent pumping of the raw-waste sludge mixture from the 
primary tanks. Failure to do so often results in septicity of the 
sludge mixture, accompanied by rising sludge masses in the 
primary tanks. 

Several operators referred to the importance of wasting ac- 
tivated sludge at a low, uniform rate, particularly if primary 
sedimentation periods are low. Lamb (Belvidere) wastes sludge 
during the night when the sewage flow rate is low. Decker 
(Bryan) wastes sludge to the primary tanks continuously at a 
low rate and he indicates that, although a rather dilute mixed 
sludge results, less difficulty is encountered than when a con- 
centration box was used for the waste sludge. Denise (Greece) 
indicates that the raw-waste sludge mixture is usually not well 
concentrated when pumped to storage or thickener tanks prior 
to vacuum filtration and incineration. 

Howe (Illinois Ordnance) indicates that waste activated sludge 
is pumped to a concentration well and thence to the digester. 
This practice is unusually successful at that plant, as indicated 
by the 3 to 4 per cent sludges reported to obtain. Activated 
sludge wasting through primary settling tanks is often a problem 
when the sludge indicates a bulking tendency, or is actively 
bulking, as the waste sludge may not settle, thus imposing a 
recirculating load on the aeration tanks. This condition may 
greatly hamper efforts to restore activated sludge condition, since 
common practice is to increase greatly activated sludge wasting 
when bulking is out of control. Difficulties arise with nearly 
all methods of waste sludge disposal when bulking occurs. 

Chironomus Larvae.—Although most of the plants contributing 
to this summary indicated that the chironomus fly larvae, more 
commonly called the bloodworm, have not been a problem, three 
of the plants reported that the larvae have caused interference 
with operation. At Michigan State Home, Tompkins reports 
the bloodworms constitute his most troublesome operation prob- 
lem, and on occasion they have completely halted plant operation. 


The larvae of the chironomus fly are bright red worms, com- 
monly reaching lengths of one-half to one inch. The average life 
cycle of the fly is reportedly about five weeks, and under favor- 
able conditions they multiply rapidly. The larvae surround 
themselves with sheltering cocoons of whatever material is avail- 
able, and when activated sludge plants are infested the cocoon is 
formed of the activated sludge. The cocoons of sludge commonly 
adhere to tank walls for a while, then break loose and float on 
the final settling tank surface. The cocoons may break up and 
result in the formation of a thin layer of sludge on the tank 
surface. The heavy infestation of a plant may result in a serious 
loss of activated sludge, and in some plants the sludge has 
virtually disappeared overnight. 

Tompkins (Mich. State Home) indicates screens have been 
placed over channels and quiescent portions of the final settling 
tanks to keep the flies out. He also indicates some benefit by 
maintaining a film of oil wherever possible. Denise (Greece) 
reported that difficulty with chironomus larvae was experienced 
during initial operation, and the only successful control was to 
clean out the entire plant and start over. 

Pyrethrum, copper sulfate, and: chlorine have been tried as 
control measures, usually with indifferent results. It is commonly 
conceded that dewatering and scrubbing infested tanks is the 
most effective control. 
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The chironomus larvae may be present in limited numbers 


without detrimentally affecting operation; however, they ma 
readily develop into a major problem and their Presence ; 
always tause for concern. 

Supernatant Liquor Disposal.—Probably the most common 
method of disposing of supernatant liquor is to return it to the 
raw sewage. This method of disposal is utilized at thirteen plants 
contributing to this review, with several of those plants indicating 
that alternate methods of disposal are available. 

Olson (Batavia) reports this method as “a nasty practice and 
one difficult to control.” Howe (Ill. Ordnance Plant) reports no 
difficulty when supernatant liquor is drawn slowly and carefully 
to the raw sewage. The supernatant liquor at Illinois Ordnance 
averages 800 to 1000 ppm., B.O.D., and only 110 ppm. suspended 
solids—a good supernatant at any plant. Tompkins (Mich. State 
Home) discharges a supernatant having an average of 619 ppm. 
suspended solids to the raw sewage without difficulty. 


A supernatant containing 661, ppm. suspended solids is similarly 
disposed of without difficulty by Dulmage at Willow Run. Free. 
man (Geneva) reports that a supernatant having an average 
B.O.D. of 610 ppm. and suspended solids of 1730 ppm. is dis- 
posed of satisfactorily to the raw sewage if drawn slowly, 
Bulking results at Geneva if the supernatant liquor is drawn 
to the raw sewage at too high a rate. 

Four plants reported disposal of supernatant liquor direct to 
the aeration tanks. Patriarche (East Lansing) refers to the 
necessity for carefully watching the mixed liquor solids con- 
centration when utilizing that method of supernatant disposal, 
Considerable use is made of supernatant liquor at East Lansing 
to regulate and control the mixed liquor. This is interesting, 
particularly when considering that the supernatant liquor sus- 
pended solids average 25,000 ppm. Alternate disposal to the 
sludge drying beds is available. 

Fischer (Kewanee) draws supernatant liquor into an idle 
aeration tank for storage and then discharges it to an operating 
aeration unit at a controlled rate. He states that this method 
has not proved too satisfactory. Dulmage (Willow Run) draws 
supernatant either to the aeration tanks or to the raw sewage. 
He cautions that supernatant liquor disposal to the aeration 
tanks must be done with care. 

Browne (Bucyrus) indicates that when disposing of super- 
natant liquor to the aeration tanks, it is discharged at a low, 
continuous rate near the middle of an aeration tank battery. 
When supernatant liquor quality indicates it cannot be dis- 
charged direct to the aeration tanks at Bucyrus, it is discharged 
to a supernatant treatment tank equipped with an American 
Well aerator, this tank being operated on a fill-and-draw basis. 
The supernatant liquor is aerated, and coagulants and chlorine 
may be added if necessary. After this treatment, the settled 
sludge is returned to the digester and the clarified supernatant 
is withdrawn to the raw sewage. Browne reports very successful 
use of that treatment method. ~- ; ; 

A Pacific Flush Tank “atomizing” aeration-settling unit has 
been installed at Great Lakes for supernatant liquor treatment. 
Operating results were not yet available, as the installation was 
just completed and was undergoing minor adjustments when the 
questionnaires for this summary were distributed. Similar units 
at other plants have performed well, according to published data. 
Decker (Bryan) found it possible, through valve manipulations, 
to draw supernatant liquor into an idle flash mixing tank, where 
it is aerated and then discharged to the raw sewage during the 
night and low flow period. The supernatant liquor is drawn to 
the flash mixing tank at a slow rate. 

At Belvidere, Indiana Soldiers and Sailors Children’s Home, 
Dorr Field, Carlstrom Field, and Ferguson, supernatant liquor 
is disposed of by discharge of sludge drying beds. Lamb (Belvi- 
dere) reports this method of disposal proves satisfactory, but 
that the supernatant liquor dries slowly. Bradley (Buchanan) 
disposes of supernatant liquor to a lagoon, as does Russell at 
Rochelle. Lovejoy (Laurens) discharges supernatant liquor to 
the river. 

Supernatant liquor disposal constitutes one of the most com- 

mon operation problems, particularly in plants practicing its dis- 
posal to the raw sewage. At plants utilizing this method of 
disposal, it is a helpful precaution to provide an alternate method, 
such as a lagoon or drying bed, to be utilized when a poor 
uality supernatant is present. 
. A » Frrmgyeroe a supernatant liquor, if discharged to the raw 
sewage or to the aeration tanks, may result in a poorly settling 
activated sludge, which results in larger volumes of sludge for 
transfer to the digester, and thus in larger volumes of. super- 
natant liquor for disposal. Whether a plant can handle super- 
natant liquor in the aeration tanks without pretreatment depends 
on the degree of loading of those units and on the quality of 
the supernatant liquor. 
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By ROLF ELIASSEN 
Major, Corps of Engineers, Chief of Sanitation Section, 
Ninth Service Command, New York, N. Y. 


TH relationship between stream conditions and the quality 
of effuents from sewage treatment plants employing biologi- 
cal secondary processes of theatment has been the subject of 
considerable discussion of late among sanitary engineers. Differ- 
ences of opinion have arisen over the relative merits of the 
relative stability and B.O.D. tests as indices of effluent quality. 
Both tests have been in use for many years; the test selected 
frequently depending upon the laboratory facilities available and 
the analytical skill of the operating personnel. The two tests 
are quite different in nature and bear no direct relationship. 

A revaluation of the significance and applicability of each test 
and a study of fact as involved in the two tests, together with 
evaluation of the influence of nitrates on the receiving stream 
is timely. It should serve to clarify the situation and suggest 
practical criteria in determining effluent quality and its relation 


to the stream. 


Proper Basis for Judging Effluent Quality 


The proper basis for judging the quality of effluents from 
sewage treatment plants should be the degree to which the 
particular effluent meets the requirements of the criterion estab- 
lished for the receiving stream conditions. As far as oxygen in 
the stream is concerned, two criteria present themselves. One 
js governed by the necessity for preservation of fish life. This 
usually calls for the maintenance of at least 3 ppm. of dissolved 
oxygen in the stream at all times. The other criterion is the 
control of odor nuisances and prevention of septic conditions in 
the stream. The design of any sewage treatment plant should 
be predicated upon the ability of the receiving stream to absorb 
the plant effluent in such a manner that it meets one of the above 


criteria (or perhaps bacteriological criteria) whichever has been - 


established by stream control authorities. 


Characteristics of Effluents 


Primary treatment plants are characterized by effluents which 
contain appreciable amounts of organic matter in the form of 
dissolved, colloidal and suspended solids. Tests indicate that the 
effluents are high in B.O.D., ammonia and organic nitrogen and 
usually devoid of dissolved oxygen, nitrites or nitrates. Con- 
siderable dilution is necessary to maintain acceptable conditions 
in the receiving stream. 

Secondary treatment plants operating at normal efficiency are 
characterized by effluents which are low in organic matter, as 
measured by the B.O.D. test. Low rate trickling filter plants 
yield effluents which frequently are high in nitrates and relative 
stability. On the other hand, operating data on high rate filter 
plants indicate that the effluents contain little or no nitrites or 
nitrates and have a low relative stability even though the B.O.D. 
values may be the same as those of the low rate filters. In 
other words, the nitrification of organic matter proceeds further 
in low rate than in high rate filters. Activated sludge plants 
can impart either a low or a high degree of nitrification to the 
organic matter depending on the amount of air used, length of 
aeration and other factors which control the operation of this 
type of plant. 


The Relative Stability Test 


Consideration should first be given to the reactions taking 
place in the relative stability test bottle. Assume that a 150 ml. 
bottle has been filled with the effluent from a low rate trickling 
filter, with the requisite amount of methylene blue indicator 
added. In addition to other substances, this effluent will contain 
organic matter chemically classified as reductants and dissolved 
oxygen, nitrites, nitrates, and sulphates, termed oxidants. The 
test procedure calls for incubation of the bottle at 20 deg. C. 
until the methylene blue turns colorless. The period of incuba- 
tion in days is noted and converted to a percentage known as 
the “relative stability.” This percentage is based on the arbitrary 
assumption that a sample in which methylene blue retains its 
color for 20 days is 99 per cent stable. Intermediate values 
— a logarithmic relationship between oxygen demand and 
ime. 

During the course of the incubation the organic matter serves 
as food for the organisms present in the sewage sample. These 
organisms utilize oxygen in their life processes. Oxygen is 
most readily obtained when in the free state as dissolved oxygen. 
When this is no longer available, oxygen is obtained from other 





oxidants such as nitrites, nitrates and sulphates. The biochemical 
reactions taking place result in the oxidation of organic matter 
and the reduction of oxygen and other oxidants. When these 
oxidants are virtually used up the methylene blue loses its color 
and the test is completed. 

The loss of color of methylene blue is brought about by a 
chemical oxidation-reduction reaction. Methylene blue is an 
organic dye compound which can be oxidized or reduced by means 
of bacteria the same as other organic matter. It has the 
property that when in the reduced state it is colorless, known as 
leuco-methylene blue. If oxygen were added to a solution con- 
taining the reduced compound it would be oxidized to the blue 
color. This change of color occurs at an oxidation-reduction 
potential of approximately zero. Thus, methylene blue serves as 
an indicator of zero oxidation-reduction potential. This is the 
use to which it is placed in the relative stability test. 


Oxidation-Reduction Potentials 


It is not the purpose of this short paper to describe all of 
the physical and chemical factors involved in oxidation and re- 
duction reactions. However, a brief consideration of oxidation- 
reduction potentials might serve to give a clearer picture of 
what lies behind the relative stability test and other phases of 
sewage analysis. 

Oxidation-reduction potential is not an abstract term borrowed 
from the realm of physical chemistry. It is a definite potential 
which may be measured directly in volts by means of a Wheat- 
stone bridge, just as may a battery or any other electrical cell. 
The range of voltages met with in sewage treatment plants 
usually lies between +0.4 and —0.4 volts when referred to the 
standard hydrogen electrode. 

The electrical measurement of this potential is based on a cell, 
or rather two half-cells, one half of which is the sewage and 
the other half a standard hydrogen electrode. The latter is the 
reference electrode whose potential is arbitrarily assumed as 
0.0 volts. For practical purposes a standard calomel electrode 
is used and a correction factor of +0.28 volts applied because 
the potential of the calomel electrode is 0.28 volts higher than 
the standard hydrogen electrode. 

In the everyday use of a pH meter the same procedure is 
adopted. A calomel electrode forms half the cell and a glass 
electrode is placed in the sewage to form the other half cell. In 
reality, the measurement of pH is a measurement of the oxida- 
tion-reduction potential existing from the difference in con- 
centration of hydrogen ions in the sewage and in the standard 
hydrogen electrode. 

It is not necessary to understand the mathematical relationship 
upon which this potential is based in order to apply it to prac- 
tical uses. It is sufficient to state that the oxidation-reduction 
potential expresses a mathematical relationship between oxidants 
and reductants in the sewage. The higher the percentage of 
oxidants the more positive the potential; the higher the percent- 
age of reductants the more negative the potential. This relation- 
ship has a direct practical significance in that positive potentials 
represent an aerobic or oxidizing environment while negative 
potentials represent an anaerobic or reducing environment. 

The oxidation-reduction potential is a measure of the intensity 
of oxidation and not a quantitative measure of oxidizing or 
reducing capacity. The latter are measured by the concentration 
of oxidants and reductants. A direct parallel exists with the pH 
determination. The pH indicates the intensity of acidity or 
alkalinity but not the total of either available in the liquid. The 
quantitative measurements of acidity and alkalinity are necessary 
in order to determine the amounts of each present. Only as 
hydrogen or hydroxyl ions become dissociated do they influence 
the pH. Similarly, only as oxidants or reductants are dissolved 
and enter the molecular or ionic state do they exert their influ- 
ence on the oxidation-reduction potential. 

Oxidation and reduction must always be associated together. 
One of the fundamental laws of nature must be followed in all 
chemical reactions, namely, for every action there must be an 
equal and opposite reaction. Thus, for every oxidation there 
must be an equal and opposite reduction until a final state of 
equilibrium is attained between oxidants and reductants. In any 
oxidation-reduction reaction the oxidants are reduced and the 
reductants oxidized to approach. equilibrium. These are the 
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fundamental reactions taking place in the relative stability test 
bottle, with the organic matter acting as reductants and the 
dissolved oxygen, nitrates, nitrites, sulphates, serving as oxidants. 

When the aforementioned oxidants are exhausted aerobic con- 
ditions cease to exist in the sewage. The biological environment 
in the sewage then becomes anaerobic or septic in character, 
with consequent formation of odorous compounds. Thus, the 
relative stability test indicates the length of time aerobic condi- 
tions, or a positive oxidation-reduction potential will be main- 
tained in the sewage during the course of biochemical oxidation 
of the organic reductants utilizing the oxidants such as dis- 
solved oxygen, nitrates, nitrites, and sulphates present in the 
effluent at the time of a sampling. 

By itself, the relative stability test has little practical sig- 
nificance. Taken literally, the test would indicate the length 
of time aerobic conditions would be maintained if no oxidants 
were added by the receiving stream and no absorption of oxygen 
took place from the atmosphere. These conditions do not ordi- 
narily prevail in any natural stream. An exception is an ice- 
blanketed stream without side entry feeders. 

As far as the operator is concerned, the relative stability test 
is useful in the routine operation of a secondary treatment plant 
as an index of performance. If the relative stability is high, 
indications are that sufficient oxidants are present in the effluent 
to take care of the oxidation of the organic matter without creat- 
ing a nuisance in the stream. A low relative stability might 
possibly indicate either too much organic matter or too low a 
quantity of oxidants in the effluent if not enough dilution were 
provided by the stream. Final opinion on the quality of the 
effluent can only be based on its effect on the stream. 


Effect of Nitrates in a Stream 


Some engineers may still prefer the relative stability test to 
the B.O.D. test even though the former gives no quantitative 
measurements, because it does take into account the effect of 
nitrates in effluents. This brings up the question of the signifi- 
cance of nitrates in sewage plant effluents and in the receiving 
streams 

Consideration of oxidation-reduction potentials will reveal that 
if any dissolved oxygen is present in the stream, the potential 
will be positive to such an extent that most of the nitrates and 
other oxidants will not be utilized to furnish oxygen for the 
hacteria. Nitrates would only be utilized when the receiving 
stream affords such a limited dilution that essentially all of 
the dissolved oxygen is exhausted. In other words, the nitrates 
act as a last line of defense in preventing onsets of anaerobic 


Sanuiary Engineer, 


A! ONE of the Army activated sludge sewage treatment 
plants in the South, chlorination of return activated sludge 
was tried to correct a condition of sludge bulking which per- 
sisted for several months. 

Conditions for sludge bulking were favorable, i.c., summet 
season, heavy sewage loading and blower trouble. One of the 
three blowers had been down for repairs a considerable part of 
the time. However, even with all three blowers in operation, 
dissolved oxygen could not be maintained at the outlet end of 
the aeration tanks at all periods. 

Corrective measures taken to control the sludge bulking in- 
cluded idling of one or more of the aeration tanks, with occa- 
sional additions of sewage for several days, and reducing the 
solids concentration in the mixed liquor. At one time an effort 
was made to remove all of the activated sludge from the clari- 
fiers and aeration tanks so that a new sludge could be built. 

lso, the by-passing of primary clarifier effluent to reduce the 
sewage load to the aeration units was tried. Some of the meas- 
ures showed an improved sludge, but when this sludge was put 
into regular operation it, too, began to swell. 


Return Sludge Chlorination Last Resort 


Chlorination of the return sludge was started at a dosage of 
10-16 ppm., based on return sludge flow. This high dosage, 


which appears even higher when the low suspended solids (700 





W. W. & S. — REFERENCE & DATA — 1945 


SLUDGE BULKING CONTROLLED BY CHLORINATION 


By STEPHEN R. KIN 









conditions in the stream. When most of the nitrites, pj 
sulphates, and similar oxidants are reduced, the oxidation-raies 
tion potential is approximately zero and septic reduction of 
organic matter will begin, with the production of odors and 
other nuisances. 

It is not sound engineering practice to depend on an effluent 
with a B.O.D. of such a value that conditions in the river app 
so close to becoming septic that the nitrates must furnish Oxygen, 
Sewage treatment plants should be designed and operated jn such 
a manner that a safety factor of some dissolved oxygen should 
always be present in the stream. 

Where the preservation of fish life is the governing factor j 
streams, the dissolved oxygen should not be permitted to fall 
below 3 ppm. Then the presence of nitrates will have no effect 
inasmuch as the oxidation-reduction potential will be so hi 
that the nitrates will not be reduced and thus will not farnigy 
the oxygen for oxidation of the organic matter. The only pop 
sible effect on fish life might be an indirect one in that nitrate 
“fertilize” the water and aid algae growths. However, the dig 
advantage of algae growths stimulated by nitrates are so 
that every attempt should be made to eliminate them whereyg 
possible. 


Proper Concepts of Stream Oxidation 


As far as oxidation of organic matter in the stream is com 
cerned, it makes no difference whether a plant effluent is low go 
high in nitrates, except when the stream is on the ragged edge 
of turning septic. It follows that it makes no difference whether 
the effluent is from a low or a high rate tricking filter plant 
from an activated sludge plant providing a low or a high degreg 
of nitrification. Regardless of the type of plant, all effluents 
should represent such a degree of treatment that the quantity of 
reductants or organic matter discharged into the stream will be 
low enough to permit an oxidizing environment to exist at alf 
times according to the criterion established for stream condition: 

The principal factors which govern whether this criterion will 
be met are the relative flows of effluent and stream, the reduce 
tants in the effluent, the oxidants in the stream or entering the 
stream through reaeration, and the relation between these reduc- 
tants and oxidants. The concentration of reductants is indicated 
by the B.O.D. test which serves as the index of effluent quality, 
The concentration of oxidants in the stream is indicated by the 
dissolved oxygen test and serves as an index of the oxidizing 
capacity of the stream. The relation between reductants and 
oxidants as they exist in the stream is an index of the state of 
oxidation and is measured by the oxidation-reduction potential. 


amp Buitner, N.C. 





ppm.) of the return sludge is considered, was expected to destroy 
the filamentous growths. Whether or not all of the activated 
sludge was destroyed did not matter, since it was planned to build 


a new sludge after the chlorination. It was thought that the 
previous effort to grow a new sludge may have failed because 
all of the activated sludge, especially the filamentous growths, 
could not be completely removed. 


After about four days of chlorination, the sludge lifted over 
the final weirs only during the peak flows. By the end of about 
ten days, the bulking was completely controlled, the final effluent 
was clear, and the sludge had good settling properties. This was 
unexpected. There proved to be no further need of “building 
up a new sludge” as had been expected and planned on. 


Chlorination was continued for an additional ten days, al- 
though at a lower rate. During this time no trouble was ex- 
perienced in maintaining dissolved oxygen in the aeration tanks. 
Although during peak sewage loading, while only two blowers 
were in use, the dissolved oxygen would often drop below 0.5 
ppm. 

After this chlorination, it was not too difficult to maintain the 
sludge in good condition. However, from time to time it was 
necessary to again practice chlorination of the return sludge until 
“threatened bulking” had been checked and a controlled sludge 
had again been re-established. 
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Vacuum Relief and prevents flame entrance 
Figure No. 58C from atmospheric disturbances. Equipped 
with extensible Flame Arresting element for easy 
inspection and maintenance. Pure aluminum. Non-cor- 
rosive. Listed by the Underwriters’ Laboratories for 










a Vent Lines in oil tanks. Sizes 2” to 10”. 
. of Sizes , 04 3” 4” 6” 
al. i ees 70 105 160 225 
a 
“VAREC” Approved WASTE GAS 
= BURNERS - 
Installed wherever disposal of surplus gas is a 


problem. Unit has adjustable air intake in the venturi 
tube, pilot valve adjustable from outside. Long, heavy 
cast iron draft stack insures proper draft and complete 
combustion. 





Sizes a i 4” 
Ree meres 450 480 500 


Figure 
No. 236 
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Figure No. 450 


“VAREC” Approved 
FLAME TRAP 
ASSEMBLY 


Flame Trap and Thermal Shut- 
off Valve. Unit self-contained, 
simple, foolproof. Installed in all 
gas lines supplying gas utilization 
equipment. No expensive fitting-up 
necessary. Arrests flame propaga- 


tion. Easy inspection and mainte- 
nance. Aluminum and _ stainless 
steel. Non-corrosive. Flame Trap 


Element listed by Underwriters’ 
Laboratories for vent lines in oil 
tanks. 


Sizes yw 21,” ad 4” 6” 
Sh. wt... 90 100 115 150 200 





Figure No. 220A 


“VREC” Approved 
MANHOLE COVERS 
Installed on digester and gas 


holder domes, affords quick and 
easy access. Has square, graphite- 


impregnated, fire proof gasket. 
Nonsparking. Gas-tight. 

Sizes 18” 20” 
_ i Seer 100 110 


Figure No. 387 


“VAREC” Approved 
SENSITIVE PRES- 
SURE (REDUCING) 
. REGULATOR 
c- SINGLE PORT 


Maintains upstream or 
rs dewnstream pressure to 
5 within 0.5” of water of pre- 
determined pressure. Posi- 





' tive Shutoff. Aluminum 
e . body. Throttling type inner 
. valve. 18-8 stainless steel 
1 , trim. Sizes 2” to 6”. 
| sizes . 2” 2%" 3° 4” 
e Sh.wt.110 115 140 175 





Figure No. 211A 


“VAREC” Approved 
BACK PRESSURE 
(REDUCING) 
CHECK VALVE 


* 


Installed in relatively low 
pressure gas lines. Prevents 


back-flow through meters. 
Non-chattering, non-pulsat- 
ing, non-corrosive, non- 
sparking. 

al _ 4” 6” 
20 35 70 125 


Figure No. 187 


“VAREC” Approved 
SUPER SENSITIVE 
PRESSURE (REDUC- 
ING) REGULATOR 
DOUBLE PORT 


Maintains upstream or 
downstream pressure to 
within 0.2” of water of pre 


determined pressure. Stand- 
ard working parts 18-8 
stainless steel with syn- 
thetic rubber diaphragm. 
Non-corrosive. Sizes %” 
to 10”. 


2” 2%" 3” 4” 6” 
190 200 233 260 350 


Figure Nos. 48 and 42A 


“VAREC” Approved 
SAMPLING 
HATCH COVERS 


For use on digester domes. 
Available in several com- 
binations of materials. Non- 
corrosive, gas-tight,  self- 
closing, spark-proof. Fig- 
ure 42A Flanged and Fig- 
ure 48 Screwed. 

4” 6” 8” 10” 
12 17 23 - 27 


working parts. 
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Figure No. 51A 

“VAREC” 

Approved 
FLAME CHECK 


Acid resisting. Union 
type fitting. Positive 
flame stop for small 
lines. Has five 40-mesh 
fire screens. Easy inspec- 
tion and maintenance. 
Sizes i” y%" 1” 
Sa. wt. .... 2 we ® 





Figure No. 216A 

“VAREC” 

Approved 
MANOMETERS 


Single or Triple tube. 
Open or push - button 
control types. Accur- 
ate. Aluminum housing. 
Bronze fittings. Pyrex 
glass. Automatic—Fire- 
proof—Safe. Sizes 6” 


to 36”. 
Sizes 9” — 15” 
7 CO ach Bw 





Figure No. 232D 


“VAREC” Approved 
SEDIMENT TRAP 
AND CONDENSATE 
DRIP TRAP 
ASSEMBLY 


Cast iron  construc- 
tion. 18-8 stainless: steel 


Hand 


operated or automatic. 


Sizes 2”-214"-3”"-4”, 
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3 No. 4-GS-25 American Gas Boilers installed in the 
Back River Sewage Disposal Plant, Baltimore, Md. 
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SEWAGE SLUDGE DIGESTION TANK HEATING 


Some Theoretical and Practical Considerations in Design and Operation 


By NORMAN C. WITTWER 


Consulting Sanitary Engineer 
Trenton, N. J. 


HE artificial maintenance of optimum temperatures in sludge 
Baie tanks has become standard practice in sewage treat- 
ment plant design and operation in the northern portion of the 
United States, and in other localities subject to adverse climatic 
conditions. Experience has shown that the lowering of the tem- 
perature of digesting sludge in unheated or improperly heated 
digestion tanks during the winter months seriously reduces bio- 
logical activity, thus contributing greatly to the operating prob- 
lems inherent in sewage sludge digestion. 

Most engineers and sewage treatment plant operators have 
reached the conclusion that digestion tank temperatures of from 
0° F. to 90° F. are most satisfactory, both as to results ob- 
tained, and as to economy of heating and heat exchange. Some 
plants keep the temperature of digesting sludge well above 90° F., 
but this practice is the exception rather than the rule. The 
writer's experience with temperatures at or about 85° F. has, 
on the whole, been very satisfactory, and there seems to be very 
little justification for maintaining temperatures above this level. 
On the other hand, as temperatures drop below 80° F., the diges- 
tion of sludge is gradually retarded. When the temperature 
drops below 70° F., active digestion ceases almost completely, and 
the sludge lies dormant until the proper temperature environment 
is reestablished. The absence of proper temperature environment 
in the digestion compartments of Imhoff tanks explains in part 
some of the difficulties which have always been encountered with 


these units. 


Proper Design Voids Most Operating Problems 


The problem of providing heat for sludge digestion purposes is 
largely one of original design, although it becomes necessary at 
times to install heating facilities at existing plants. Usually, heat 
exchange equipment installed after a plant has been placed into 
operation is more or less a make-shift arrangement, and is not 
nearly so effective or economical as would be a heating system 
properly designed and installed at the time the plant was con- 
structed. The responsibility for successful sludge digestion rests 
primarily with the designing engineer. If he realizes the impor- 
tance of properly designed sludge heating, future operating trou- 
bles due to ineffective sludge digestion will be reduced to a 
minimum. 

The technical solution of sludge digestion tank heating prob- 
lems involves the same fundamental technique used in the solu- 
tion of other heating and heat transmission problems. However, 
there has been some tendency on the part of sanitary engineers 
to ignore such fundamentals, and to use instead certain empirical 
formulae or values for the determination of the over-all heating 
requirements of sludge digestion tanks. These formulae or values 
have not been adequately substantiated by scientific study and 
experimentation for all of the varying types of construction and 
conditions met with in ordinary practice, and the indiscriminate 
use of such methods has naturally resulted in some plant instal- 
lations which have been deficient in heating capacity or heat 
exchange, or which have been over-designed. 

However, the careful designer will treat each heating applica- 
tion as an individual problem, involving a consideration of climate, 
digestion tank construction and exposure, all heat losses through 
the structure, fresh sludge quantities, and proper type of heat 
exchange equipment. When broken down into its component parts, 
the solution of such a problem becomes quite simple, involving 
only a rudimentary knowledge of the fundamentals of heat trans- 
mission. 

This discussion will present the subject matter in the same 
order as would ordinarily be used in the solution of a practical 
problem in sludge digestion tank heating. Fundamental theory 
and illustrative problems will be given concurrently for each of 
the major considerations involved. These are: 


1. Heat losses from a sludge digestion tank, involving the 
determinatign of heat losses from a heated liquid sludge 
mass to air or ground through the exposed structural com- 


ponents of the tank. 

Heat required to raise the temperature of the additions of 

fresh sludge to the temperature of digesting sludge in a 

sludge digestion tank. 

3. A consideration of methods for applying heat to the con- 
tents of a sludge digestion tank. 


bo 





4. Theory of heat transmission as applied to heat exchang- 
ers, and design applications. 
5. Selection of heating equipment. 


HEAT LOSSES FROM A SLUDGE DIGESTION TANK 


Methods of Heat Transfer 


Heat transmission (or heat losses) between the mediums on 
two sides of a wall, roof, or floor takes place by three methods, 
namely, radiation, convection, and conduction. These methods of 
heat transfer may be defined as follows: 

Radiation is the transmission of heat through space by wave 
motion in a manner similar to the travel of light waves. 

‘Convection of heat occurs in fluids (liquids or gases), and 
is the transfer of heat accomplished by the motion of the fluid 
from a locality where it receives heat to a locality where it 
gives up heat. The motion of the fluid is usually the result of 
differences in density caused by temperature differences. This 
is called free convection. If the motion is produced by some 
mechanical means, such as a stirrer, or a circulating pump, it 
is called forced convection. 








_ Conduction is the transfer of heat from one part of a con- 
tinuous material to another part of the same- material, or from 
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Fig. 1. Air Space Conductances at Several Mean Temperatures 
one material to another in physical contact with it, without 
appreciable movement of the particles of the material. ~ 
In most cases the actual transfer of heat is accomplished by 

more than one of the above defined methods. It is therefore 
preferable to use other terms, such as “transfer,” or “transmis- 
sion,” or “conductance,” to describe an over-all heat transfer 
process, reserving the use of the terms “radiation,” “convection,” 
and “conduction” for that fraction of the total heat transfer 
accomplished by the mechanism designated. 

For example, consider a wall constructed of one thickness of 
concrete, an air space, and a second thickness of brick masonry 
with air on both sides of the composite wall, and with the con- 
crete being adjacent to the warmer air. Heat will be received by 
the concrete surface from the inside air by radiation, convection 
and conduction. It will be carried through the homogeneous con- 
crete section by conduction, and carried across to the opposite 
brick wall surface through the air space by radiation, convection 
and conduction. From here it will be carried by conduction 
through the homogeneous brick section to the outer surface of 
the wall, and will leave this surface by radiation, conduction and 
convection. 

Any digestion tank wall, roof, floating cover, gas dome or 
bottom floor may be divided into internal and external surfaces, 
homogeneous materials, and interior air or gas spaces, as the 
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case may be. Practical heat transmission coefficients have been 
determined experimentally which will give the total heat trans- 
ferred through any of these component parts of a structure, and 
if the method of applying these individual coefficients is thorough- 
ly understood, it is a simple matter to calculate the over-all heat 
transmission or heat losses through any combination of materials. 


Notation Used in Heat Loss Formulae 


k = Thermal conductivity of a homogeneous material 1-inch 
thick, in B.t.u./hr./sq. ft./1° F. difference in temperature 


between the two surfaces of the material. 


f Film or surface conductance; the amount of heat ex- 
pressed in B.t.u./hr./sq. ft./1° F. temperature difference 
transmitted by convection or conduction from a fluid to a 
surface with which it is in contact, or vice versa, from a 


surface to the fluid surrounding it. 


f; coefficient of heat transfer to the inner or warm 


surface. 


fo coefficient of heat transfer from the outer or cold 


surface. 


a Thermal conductance of an air or gas space in 


B.t.u./hr./sq. ft./1° F. temperature difference. 


U Thermal conductance or over-all coefficient of heat trans- 
mission; the amounf of heat transmitted in B.t.u./hr./- 
sq. ft./1° F. difference in temperature between the warm 


and cold sides of a wall, roof or floor. 


H Total heat loss in B.t.u./hr. transmitted through any 
material, or any combination of materials, such as a 
wall, roof, cover, or floor of a sludge digestion tank for 


the total area involved. 


A Area of a surface in square feet as actually measured 
from the plans or from the structure. Use the net inside 


or heated dimensions. 


T: Temperature in °F. of the medium adjacent to the inside 
or warmer surface; the inside temperature. 
To Temperature in °F. of the medium adjacent to the out- 
side or colder surface; the outside temperature. 
b Thickness in inches of homogeneous materiala. 


Heat Flow by Conduction 


The flow of heat through a homogeneous material by con- 


duction is proportional to 


(a) the thermal conductivity of the material. 
(b) the difference in temperature between the two surfaces 
or planes considered. 
(c) the area through which the heat flows. 
and (d) inversely proportional to the distance between the twa 
surfaces or planes considered. 


Thus, the total heat transferred between two surfaces of a 
homogeneous material by conduction can be expressed by the 
following formula: 

A k (T: — To) 
H aca OR ge (1) 
b 

The coefficients of thermal conductivity given below in Table 
1 for homogeneous materials are average values, and have been 
shown by numerous experiments to be accurate ‘for the typical 
materials described. Since the conductivity of a material has 
been found to depend upon its composition, texture and density, 
these coefficients should not be used for other variations of these 
materials. Other coefficients can be found in standard reference 
works. 

TABLE 1. 


THERMAL CONDUCTIVITY COEFFICIENTS “kK” 


For Homogeneous Materials (1” Thick) in B.t.u./hr./sq. ft./°F. 
Material < 


rE cht ein adn hun we hid Uae wed DERE KER Seaweed we 12.00 
ge Via paws a ee aw ee abe awe . 9.00 
rh rr I, Seen as oe oalne ene neaaeeneedas wade 9.20 
Comerete, typick! stome structural. «oi... ccccccccccccccces 12.00 
i de a ae Rt as dd ah aldly ee bps Gh 6 esianed 12.50 
Wood, average value for ordinary woods.................. 1.00 
Asphalt or tar composition roofing............... and o 6 wie 6.50* 
La tee et ea ei hee dea el dé bes haa a Gaui ad 370. 

PP OnE’ «ec ckagbebeawee aie aae oe i cckebneteneeneenewean 314. 

I, oo 06 ries ee eas te tniek Min te wkd waaen at 2640. 

Mi: tawSen tea tieden seh AWid beh kad wed baa ee adhe 4.10 


of thickness. 
Film Conductance 


When gaseous fluids such as air or sewage gas are in contact 
with solids, heat will flow from the warmer to the colder ma- 
terial. The method of heat transfer is principally a combination 
of convection and conduction. However, the condition of the air 
or gas has a very important influence on the rate and mode of 
heat tr-nsfer. It is certain that in all cases a stationary film of 
air or gas is present on the surface of the solid material, sep- 
arating the solid from the main body of air or gas. The thick- 
ness of this film depends upon its temperature, and upon the 
velocity of the air or gas parallel to the solid surface. 

Therefore, heat transfer through an air or gas film has been 
found to proceed at a higher rate where movement or velocity 
exists than is the case for still air. This is illustrated by the 
film coefficients in common use by engineers for general heating 
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practice. These coefficients are not for convection alone, or fog 
conduction alone, but are experimental, combination over-alj film 
coefficients for heat transfer from a wall surface to or from the 
main body of adjacent air. They are as follows: 
f: = 1.65 B.t.u./hr./sq. ft. for inside air without appreciabje 
motion or velocity. 
o = 6.00 B.t.u./hr./sq. ft. for outside air with a velocity of 15 
miles per hour or higher. 

The above coefficients are sufficiently accurate for air or gas 
film conductance as it exists on the inside and exterior surfaces 
of sludge digestion tank structures, and will be used throughoy 
this discussion. They will be applied to sewage gas (approx, 3 
per cent COs and 70 per cent CH,) as well as to atmospheric air 

Where liquids are in contact with a structure through which 
heat transmission takes place, film resistance is also present be- 
tween the surface of the structure and the main body of the 
liquid. However, as will be explained in some detail later on jn 
connection with the discussion on heat exchangers, the film ¢o. 
efficient is influenced to a large degree by the motion of the 
liquid. Where temperature differences between liquid and wall 
surface are small, natural or. free convection will be slight, and 
very little motion of the liquid adjacent to the walls of a diges- 
tion tank will be present. Therefore for practical purposes, both 
the liquid contents of a tank, and the dry or wet earth surround- 
ing the tank, are assumed to be always in direct contact with 
the structure, without an intermediate film. However, where 
either dry or wet earth is in contact with the exposed, cold side 
of the structure, a certain amount of resistance to the transmis- 
sion of heat is present. While not strictly film resistance, such 
resistance is of some significance. Therefore, the coefficients for 
heat transfer from wall surfaces into earth are included in 
Table 2. 

TABLE 2. 


FILM COEFFICIENTS “F” 
(B.t.u./hr./sq. ft. °F.) 


k 
Concrete to or from still aif. ......csccccccccccccccccccccccces 1.65 
Concrete to outside moving air (15 mi. per hr.)............. 6.00 
Brickwork to or from still GIF... cn cccccccccccssccccsccccces 1.65 
Brickwork to outside moving air (15 mi. per hr.)............ 6.00 
Stoel tO GH MOG STH GME occ cccccccccvoccessecscececsscccsnces 1.00 
Steel to outside moving air (15 mi. per hr.)...........-.6.44. 3.00 
Composition roofing to outside moving air................+. 10.50 
oe rrr etree 1.00 
Concrete to wet earth or to water ..........- cece ee cence enes 2.00 


Air and Gas Spaces 


Heat is carried across an air or gas space by a combination 
of radiation, convection or conduction. A large part of the heat 
transferred across an air space bounded by ordinary building 
materials such as wood, plaster, concrete, etc., is by radiation. 
The effect of heat radiation can be greatly reduced by facing the 
air spaces with metallic surfaces such as aluminum foil, coated 
sheet steel, or other low-emissivity, infra-red reflective metal 
surfaces, thus causing a major portion of the heat to be trans- 
mitted by convection. In sludge digestion tank construction, only 
ordinary building materials are customarily used, and we are 
therefore concerned only with air spaces bounded by such ma- 
terials, without reflective surfaces. 

It has been found as the result of experiments conducted at 
the University of Minnesota under a cooperative research agree- 
ment with the American Society of Heating and Ventilating 
Engineers that the over-all thermal conductances across air 
spaces between ordinary building materials are fairly uniform at 
a given mean temperature for widths of air space in excess of 
¥%-inch. This is illustrated by Figure 1, in which curves for sev- 
eral mean temperatures show the relationship between widths of 
vertical air spaces and over-all surface to surface conductances. 

From these curves, an average conductance value of 1.25 
B.t.u /hr./sq. ft./1° F. temperature difference is established for 
vertical air spaces %-inch or more in width, and for the tem- 
peratures ordinarily encountered in sewage sludge digestion prac- 
tice. When air spaces are not faced with reflective insulating 
materials, the difference between upward heat flow through single 
horizontal or sloping air spaces and through single vertical air 
spaces is comparatively small for the same temperature differ- 
ence. Therefore, the same conductance value of 1.25 will be used 
for all air and gas spaces found in sludge digestion tank con- 
struction, whether they be vertical or horizontal. 


Resistance Concept 


It is obvious from the above discussion of heat transmission 
that the higher the thermal conductivity or over-all conductance 
of a material or combination of materials, the lower is its re- 
sistance to the flow of heat. Thus, the resistance to the flow of 
heat is inversely proportional to the thermal conductivity or con- 
ductance. If R is used to designate over-all resistance, and mn, 
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etc. are used to designate unit resistances, then the over-all 
he flow of heat through a structure will be 


fa, | 
resistance to t 


oe ae nk err. of MPPeeTiTerer rere reer eee 


If Equation (2) is applied to a wall built up of a single homo- 
geneous material b inches thick, then 


1 1 b 1 
TTT TLE TTP (3) 
U f k fo 
1 : 
where — R over-all resistance. 
U 
1 . . . . 
— = inside film resistance. 
fi 
1 i ald 
= == fe outside film resistance. 
fo 
b : ; 
—s internal resistance to heat transfer by 
k conduction, 


For a compound wall built up of two homogeneous materials 
having thicknesses bi-inches and be-inches, and coriductivity co- 
efficients k, and ke respectively, separate. to form an air space 
of conductance a, and with both sides of the wall exposed to air, 
the over-all resistance will be 


l 1 bi 1 be 1 
_- — + Oh ate a ae A ee 4. gp swididedicee en eeesiuseee (4) 
U fi k, a ke fo 
l . 
where — = air or gas space resistance. The over-all coefficient 
a 


of heat transmission U then becomes 


l — — - a TCE (9) 
l Di 1 be 1 
ae ha toe tt 
fi kK, a Ke fo 
1 
If the inside air is replaced with water then — in Equations 


1 
(4) and (5) becomes zero. 


Heat Loss Formulae 


Referring back to Equation (1), the same relation exists for 
a compound wall as is the case for a single homogeneous ma- 
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terial. Therefore, the total heat loss between two surfaces of any 
structure can be expressed by 
ee Bie, Coy SPTerreeerrrere litre et (6) 
If the proper value for U is substituted in Equation (6), as 
for example the U in Equation (5), then the total heat loss H 
becomes, 


A (Ti — To) 
1 bi 1 be 1 


—+—+—+—-4+— 
f: i a Ke fo 





z= 





Equation (7) is the fundamental formula for the total heat 
loss through any material or combination of materials. In ap- 
plying this formula, it should be remembered that each material 
in a compound wall, roof or floor will have a different coeffi- 


cient k, and that there will be as many values of — as there are 
K 
different materials. 


Computation of Sludge Digestion Tank Heat Losses 


The following problem will illustrate how the fundamental 
formulae and heat flow coefficients may be applied to the de- 
termination of heat losses from sludge digestion tanks. A com- 
mon type of construction will be shown, and the method used in 
solving this problem can be extended to almost any type of di- 
gestion tank design. Since all such calculations are at the best 
only approximate, the slide rule will be used throughout. 


Illustrative Problem 1. 


Calculate the total heat loss, in B.t.u. per hour, for the sludge 
digestion tank shown in Figure 2. The inside sludge temperature 
will be 85° F.; the minimum sustained winter air temperature 
is estimated at 15° F.; the minimum sustained dry earth tempera- 
ture at 40° F.; and the minimum sustained wet earth temperature 
at 50° F. For the purpose of this computation, heat losses from 
the scum-covered annular ring of water surface between the 
floating cover and the tank walls will be ignored, as this loss 
will be very small, and will be more than compensated for by 
assuming the diameter of the floating cover to be equal to the 
inside diameter of the tank. 

The total heat loss will be the sum of the individual losses 
through the tank floor, the several vertical sections of the wall, 





















































Fig. 2. 


Typical Sludge Digestion Tank with Floating Cover 
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and the floating cover. As statea apove, where inside water or 


sludge is in direct contact with the structure, the resistance — 
f, 


will be zero. 
Solution 


1. Heat loss H; through the tank floor. This involves only the 
heat transfer through the 9-inch thick concrete slab, and from 


the bottom of the slab into the wet earth. 








A (T:— To) 
% = —_. 

1 b 1 
eS kk & 

1290 sq. ft. (85 — 50) 

9 1 

o+ — + — 

12.00 2.00 


= 36,200 B.t.u./hr. 


2. Heat loss Hy through portion of wall below ground water 
wble. This calculation is similar to that for Hk. 
1260 sq. ft. (85 — 50) 





12 1 
a mma cman 


4. 
12.00 2.00 
= 29.400 B.t.u./hr 


3. Heat loss Hs through portion of wall between ground water 
table and ground surface. This calculation is similar to that for 
H,, except that heat is transferred into dry earth instead of into 
wet earth. 

755 sq. ft. (85 — 40) - 


12 1 


0 —_——— — 


1.00 


Hs 





12.00 
= 17,000 B.t.u./hr. 


_4. Heat loss Hy through portion of wall exposed to outside 
air. This calculation involves the use of the common film co- 
efficient from concrete to outside air. Otherwise, the method is 
the same as for Hi. 


502 sq. ft. (85 — 15) 
12 1 


12.00 " 6.00 
= 30.000 B.t.u./hr. 


5. Heat loss Hs through gas dome. This calculation involves 
the transfer of heat across the gas space, through the inside gas 
film, through the very high conductance of the steel plate and 
through the outside air film. It is evident that the resistance to 
the transfer of heat which is offered by the steel plate could be 
ignored without affecting the slide-rule result. 


_— 

















A (Ti — To) 
Hs —— 
1 1 b 1 
—+—+4+—4— 
a f: Kk fo 
10 sq. ft. (85 — 15) 
1 1 0.25 1 
1.25 165 ° 314 6.00 
- 500 B.t.u./hr. 


6. Heat loss He through floating cover, diameter taken as 40 
feet. Four layers of material are involved, namely, steel, air, 
wood deck, and composition roofing. ‘ 

ie oon A (Ti — To) oe 
1 bi 1 De bs 1 
—+—+—+—4+—4+— 
f: ki a Ke Ks fo 
(1260 — 10) sq. ft. x (85 — 15) 
0.25 1 08% 1 1 
0+ aa & one sensi 


+ — 
314 1.25 1.00 6.50 6.00 
43,800 B.t.u./hr. 











7. The total heat loss becomes— 


He H: + He: + Ha + Hs + Hs + He 
156,900 B.t.u./hr. 


HEAT REQUIRED BY FRESH SLUDGE ADDITIONS 
Method 

The heat required to raise the temperature of the fresh sludge 
additions to the temperature of the mass of digesting sludge in 
the tank is obtained by a simple calculation. For practical pur- 
poses, one B.t.u. is the amount of heat required to raise the tem- 
perature of one pound of water one degree Fahrenheit. Sludge 
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has approximately the same characteristics as has water, ‘There. 
fore the 


W (Ts — T:) 
—___——_—— = B.t.u./hr. 


Heat required = —————————_ = B..t.u./hr. .........., (8 
24 et 


where 


-W = Weight in pounds per day of fresh sludge additions 

Ts = Temperature in °F. of fresh sludge, ordinarily the same 
as the sewage flowing through the plant. 

= we in °F. of the digesting sludge in the diges. 
tion tank. 


Quantity of Fresh Sludge Additions 


A sewage treatment plant which has been in operation for 
some time should have available a back-log of operating records 
which will indicate the average daily volume of liquid sludge 
additions to the digestion system. Wherever possible, such rec. 
ords should be utilized in the calculation of digestion tank heating 
requirements. Where such records are not available, or in the 
case of a new plant design, the engineer must carefully estimate 
the probable quantities of fresh sludge to be expected, basing the 
estimate on bis own experience, or on the experience of others, 

The quantity of fresh sludge added to a sludge digestion tank 
is influenced by the character of the sewage, the type of sewage 
treatment process, the method of plant operation, and also to a 
large extent by the degree of care exercised by the plant opera- 
tors in limiting fresh sludge pumpings to the thicker, more con- 
centrated liquid. Obviously, the addition of large quantities of 
excess water to the sludge digestion tank may not only overtax 
the heating facilities, but may also seriously interfere with the 
normal functioning of the sludge digestion processes. 

The average daily quantities of fresh sludge solids to be ex- 
pected at different types of sewage treatment plants are shown 
in Table 3. These quantities are for domestic sewage, without 
an appreciable proportion of industrial wastes, and without storm 
water drainage. In using these average figures for design, some 
allowance should be made for higher+than-average rates which 
may be sustained over periods of time long enough to influence 
over-all heat requirements. The writer believes that an increase 
of 20 per cent above these values provides a safe allowance for 
all practical purposes, unless more definite information is 


available. 
TABLE 3 
AVERAGE DAILY QUANTITIES OF FRESH LIQUID 
SOLIDS ADDED TO SLUDGE DIGESTION TANKS 


Average Sludge to Digester, 

Moisture cu. ft./day/capita 
% High Aver. Low 
Primary Treatment Plants .... 95 .070 .050 .035 
Chemical Precipitation Plants.. 92.5 125 .085 .070 
Trickling Filter Plants*® ........ -94 -080 .060 045 
Activated Sludge Plants ........ 98.5 .280 .150 .100 


*Including Humus Tanks. 


Illustrative Problem 2. 

Calculate the heat required by the fresh sludge additions to 
the sludge digestion tank shown in Problem 1. This tank forms 
part of a primary sewage treatment plant, and is designed for 
16,000 persons at 3 cu. ft. per capita. The minimum sustained 
fresh sludge temperature T, is expected to be 45° F. From 
Problem 1, T: = 85° F. 


Solution 
The average daily quantity of fresh sludge additions is esti- 
mated from Table 3 at .050 cu. ft./day. 


W = .050 * 16,000 X 62.5 X 1.20% = 60,000 lbs./dayv 
60,000 (85 — 45) 


In Equation (8), heat required — 
>4 


100,000 B.t.u./hr. 


Total Heat Required 

It can be seen by the foregoing discussion that the total hear 
required for a sludge digestion tank is the sum of heat required 
to compensate for the heat losses from the liquid through the 
walls, roof and floor of the tank, and the heat required to raise 
the temperature of the incoming fresh sludge to the temperature 
of the digesting sludge. Thus, for the digestion tank of Prob 
lems 1 and 2, the total heat required will be 


Heat loss through structure.. 156,900 B.t.u./hr. 
Heat required for fresh sludge — 100,000 B.t.u./hr. 


Total heat required .......... 256,900 B.t.u./hr. 


METHODS FOR HEATING SLUDGE DIGESTION TANKS 


Having determined the total heat requirements for a sludge 
digestion tank, the final element which enters into the thermal 
design of its heating system is the selection and calculation of 
an adequate heat exchange system. Several methods may be 
used for transferring heat into the liquid contents of a tank. 
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vever, some methods, such as the use of steam or hot air in 
fen coils, are inapplicable to this type of problem since the 
ulting high temperature of the heat exchangers would be too 
oe a to scale formation. The methods worthy of our con- 
C 


sideration are as follows: 


Circulation of hot water through horizontal pipes placed 
around the inside periphery of a tank. 

2. Circulation of hot water through vertical banks of heating 
* pipes suspended in the liquid. 

3. Direct introduction of hot water. 

4 Preheating the fresh sludge before it is added to a tank. 


1. 


Circulation of Hot Water Through Horizontal Pipes.—This is 
the most common method of transferring heat into a sludge 
digestion tank. The usual arrangement is. to install the heating 
piping in the form of a spiral coil around the inside periphery of 
the tank as shown by Figure 3. ne 

The spacing of the successive turns of the coil is usually about 
12 inches. Hot water is admitted to the top of the coil and the 
colder return water is taken away from the lowest point. 

In some instances, heating coils have been placed at or very 
near the floor of the tank. This practice is not too good because 
it tends to keep the more thoroughly digested sludge at a high 
temperature while the actively digesting sludge higher up in the 
tank receives only the benefit of somewhat lower temperatures. 
The most favorable location for the heating coil seems to be 
from a level about 6 ft. above the floor to a level not above the 
middle of the tank. This range usually covers the region of 
active sludge digestion. 


Circulation of Hot Water Through Vertical Banks of Pipes — 
Another common type of heat exchanger for digestion tanks with 
fixed roofs or covers is the vertical, multiple-bank type suspended 
from the roof. This type of heat exchanger is, or should be, 
removable from above. The vertical pipes are in series and are 
placed very close together, from 5 to 7 inches on centers. This 
type of heat exchanger is illustrated in Figure 4. 

The hot water supply is introduced into the top of the first 
pipe, and is forced down and up through succeeding pipes until 
it is removed from the top of the last pipe. Such a unit should 
be located at or near the center of a small tank; while several 
units, distributed uniformly, should be used in larger tanks. 


Direct Introduction of Hot Water—The practice of introduc- 
ing hot water directly into a digestion tank is of German origin, 
and up-to-date has not found much favor in this country. Several 
installations have been reported, but not much data as to their 
efficiency is available. 

Keefer’ found at Baltimore in comparative plant-scale tests 
that more heat was required to heat the sludge by the direct ad- 
dition of hot water than was the case with well designed heat 
exchangers using circulated hot water. He claims, however, that 
the cost of constructing a pipe coil and return piping to the 
heating plant is saved; also since water at considerable pressure 
is generally available, it can be added directly to the tank with- 
out the use of pumps, whereas hot water circulating through 
the pipe coils must be pumped. But it must be remembered that 
the direct connection of a high pressure water supply, if potable, 
constitutes a cross-connection which is distinctly contrary to 
standard sanitary practice and health codes. Furthermore, the 
actual pumping of circulated water is a minor operation, involv- 
ing very small pumps and low operating costs. 

Downes’, on the other hand, asserts that the practice of intro- 
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Fig. 3. Digestion Tank with Spiral Pipe Coil 
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ducing hot water directly into the sludge contents of a digestion 
tank is detrimental as it tends to segregate grit and coarse par- 
ticles such as seeds and inorganic materials from the sludge 
mass, thus accelerating accumulations of such materials in the 
bottom of the tank. . 

It is the writer’s opinion that the objections to the direct 
addition of previously heated water more than outweigh the 
doubtful economy in first cost. Where outside water is used, 
che cost of purchase is in itself a continuing expense. In addi- 
cion to the objections cited by Downes, the continuous intro- 
duction of hot water into the tank tends to thin out the sludge, 
thus reducing the amount of space available for digestion pur- 
poses. Naturally, there is a concurrent interference with sludge 
concentration, which is exactly the reverse of the above procedure. 


Preheating the Fresh Sludge—This method has been tried 
at a few plants. While not much operating data is available, 
it seems to the writer that the preheating of fresh undigested 
sludge would introduce an entirely new set of difficulties, not the 
least of which would be continuous sludge encrustation on the 
outside or inside of any heat exchanger used. This is due to 
the fact that the fresh sludge would necessarily have to be 
heated to a temperature considerably higher than the tank tem- 
peratures because it would be necessary to overcome all heat 
losses from the structure in addition to the mere raising of the 
fresh sludge to the temperature of the digesting sludge. 

More experience with this method of heat exchange may ulti- 
mately demonstrate its fitness, both as to economy ard operating 
effectiveness. 


SLUDGE DIGESTION TANK HEAT EXCHANGERS 


The theory involved in heat transfer from hot water circu- 
lated through spiral pipe coils around the inside of a digestion 
tank is quite similar to that involved in heat transfer from hot 
water circulated through banks of pipes suspended vertically 
into the liquid contents of a tank. Both types of heat exchangers 
involve a consideration of fluid motion, and of heat transfer by 
convection and conduction. As will be shown, the resistance in 
thin walled pipes and tubing to heat transfer by conduction is 
often much less than the resistance through the fluid films im- 
mediately in contact with the pipe walls. Film resistance is to a 
large extent influenced by convection, although the actual passage 
of heat through such a film is principally by conduction. 

Consider the case of a fluid in contact with the wall of a pipe 
whose temperature is lower than that of the fluid, as shown by 
the left-hand portion of Figure 5. Although the main body of 
the fluid passing through the pipe may or may not be in turbu- 
lent motion, the thin film of fluid in contact with the pipe is 
relatively stagnant as the result of friction with the wall. The 
thickness of this stagnant film is not clearly defined and varies 
as the degree of turbulence of the passing fluid. Since the heat 
is transferred through this film largely by conduction rather than 
by convection, the entire process by which heat is transferred 
to the surface of the pipe from the main body of the fluid is 
somewhat complicated. Calculations are simplified, however, by 
the use of so-called convection coefficients which include the com- 
bined effect of both conduction and convection. 

For digestion tank heating with pipe heat exchangers, it is 
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Fig. 5. Temperature gradient, Fluid to Fluid, Through a Pipe Wall 


assumed that a state of equilibrium has been reached; i. e., the 
temperature gradient is assumed to remain constant and not 
change with time, and the rate of heat transfer through the wall 
of the pipe is assumed equal to the rate at which heat is absorbed 
by the liquid outside of the pipe. In addition, the effect of radia- 
tion is neglected, since the rate of heat transfer by radiation will 
be negligible compared to the rate of heat transfer by convection. 


Film Coefficient—From the above discussion it can be seen 
that there is no difference between this over-all film coefficient 
and the film coefficient f previously defined under “Notation used 
in heat toss formulae.” It can be conveniently re-defined as 
the rate of heat transfer by convection between the inner or outer 
surface of a pipe wall and the main body of the adjacent fluid, 
in B.t.u./hr./sq. ft.°/F. temperature difference. Thus, 


H.« Af (AT) 
rate of heat transfer by convection, B.t.u./hr. 
= film coefficient, B.t.u./hr./sq. ft. °F. 
area of wall surface in sq. ft. 
temperature difference between the surface of the 
wall and the main body of the fluid in °F 
AT: inside temperature difference. 
ATo = outside temperature difference. 


where He: 


Factors Affecting the Film Coefficient f—There are several 


types of heat transfer by convection. In this study we are con- 
cerned only with the type in which the fluid does not change 
phase, i. e., the fluid remains either a liquid or a gas during the 
process. In this type of heat transfer, the film coefficient depends 
upon the turbulence of the fluid, increasing as the turbulence 
increases. The film coefficient also depends upon whether a fluid 
is being heated or cooled. The difference in the film coefficients 
for heating and cooling decreases as the turbulence of the fluid 
increases. 

In addition to the various factors already mentioned, the film 
coefficients are affected by the presence of scale or other de- 
posits on either surface of the pipe wall. Such deposits act as 
insulation, and may greatly reduce the rate of heat transfer. 


Turbulent Flow Inside of a Pipe—Where a fluid is flowing 
through a pipe, the film coefficient will increase as the velocity 
increases. At very low velocities, the flow will be streamline or 
laminar, and at higher velocities, it is usually turbulent. 
for natural or free convection, the turbulence and film coefficient 
increase as the temperature difference AT increases. 

The critical velocity above which fluid flow in a pipe is turbu- 
lent and below which it is streamline can be obtained from: 


0.584 
Dp 
Illustrative Problem 3 (Critical velocity for turbulent flow) 


velocity in ft./sec. 


m viscosity in Ib./ft./hr. 
D inside pipe diameter in feet 
p censity in Ib./cu. ft. 


where Vv 


critical velocity for water in a 3-inch inside 
The mean temperature of the water is 130° F. 


Calculate the 
diameter pipe. 
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Also, . 


From Table 4, the viscosity of this water is 1.31 Ib./ft./hr., and 
the density is 61.58 Ib./cu. ft. Then, from Equation (10) 


= .049 ft. per sec. critical velocity. 


TABLE 4. 
Density and Viscosity of Water 
ee, eee Viscosity a 


Ib. /ft./hr. 
2.42 


et no 
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Forced Convection Outside of a Pipe 


Due to the increased velocity of movement of the liquid past 
a heat exchanger with forced convection produced by mechan- 
ical agitation or stirring, the resistance of the film to the transfer 
of heat is correspondingly decreased. In general, the decrease 
in resistance, or in other words, the increase in the film coefficient, 
is proportional to the velocity of motion past the heat exchanger. 
Where the agitation of the liquid is irregular, it is very difficult 
to estimate liquid velocities. But where a steady, uniform stir- 
ring action is present, the contents of a circular tank assume 
a definite motion which depends upon the type and speed of the 
stirring mechanism. 

Positive stirring mechanisms usually found in sludge digestion 
tanks consist of short horizontal blades mounted on a vertical 
shaft, as illustrated in Figure 6. The speed of rotation is gen- 
erally about 60 r.p.m. 

The entire liquid mass in a circular tank will not rotate with 
the same rotary speed as that of the stirrer. The greater the 
distance from the axis of rotation, the slower will be the rotary 
motion. It has been determined that the liquid speed of rota- 
tion very closely varies as the square root of the diameter of the 
vertical plane of motion. Thus, the velocity of horizontal motion 
of the liquid at any distance z from the axis of the stirrer will be 


wV2z X r.p.m. of stirrer 


v= 


where v = Velocity in ft./sec. 
z — Distance in feet from stirrer to vertical plane of 
liquid motion. 


The action of this type of stirring is clearly shown by Figure 6. 

Mean Temperature Difference ATm—The témperature dif- 
ference between the hot water inside a heating pipe and the 
cooler water in the digestion tank does not remain constant 
throughout the length of the heat exchanger. The temperature 
difference between the two fluids is greatest at the point where 
the pipe first enters the tank liquid, and smallest where it leaves. 








VAL 











can temperature difference is a logarithmic 
rminal temperature differences. However, 
sludge digestion practice, the arithmetic mean of 
the terminal temperature difference can be used instead of the 
logarithmic mean without introducing an error in this value of 


more than 3 per cent. 
Illustrative Problem 4 (Mean Temperature Difference) 
The average temperature of the liquid in a sludge digestion 


tank is 85° F. The temperature of the hot water supply to the 
circular pipe coil is 135° F., and of the return 120° F. Determine 


the mean temperature difference. 


A more exact m 
function of the two te 


for ordinary 


(135 — 85) + (120 — 85) 
AT im pees _emepeenen 


uw 9 


42.5°F. 





Determination of Film Coefficients 
In the design of sludge digestion tank heat exchangers, we 

may be concerned with five different types of convection for 

vhich film coefficients must be determined, namely 

Water cooled inside of horizontal or vertical pipes, 

turbulent flow. 

Case 2. Water heated outside of single horizontal pipes, forced 

convection. 

Case 3. Water heated outside of single herizontal pipes, free 

convection. 

Case 4. Water heated outside of vertical banks of piping, free 

convection. 

Case 5. Water heated outside of vertical banks of piping, 

forced convection. 

The same method is used in each case for the determination 
of the film coefficient. Charts have been prepared which show 
for each case an arbitrary or assumed coefficient f, called the 
“base coefficient.” Correction factors are then given for chang- 
ing these values of f» to conditions of temperature and pipe 
diameter other than those assumed for the charts. The general 
equation for the film coefficient is 
ie er ie SEE i Oe i ak oe Ka see ons eendncececvas’ (12) 


Case 1. 


Where f: = inside film coefficient, B.t.u./hr./sq. ft./° F. 
=- outside film coefficient, B.t.u./hr./sq. ft./°F. 
fo» — film coefficient, ‘‘base’’ conditions, B.t.u./hr./so 


ft./°F 
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Fig. 6. Vertical Stirring in a Sludge Digestion Tank 
(By courtesy of The Dorr Company) 


Ft — temperature correction factor corresponding tc 
the mean temperature Tm of the main body of the 
water. 

Fa = pipe diameter correction factor corresponding to 


the pipe diameter. 
Case 1. Water Cooled Inside of Horizontal or Vertical Pipes 
Turbulent Flow—The film coefficient f; can be determined from 


the following equation: 
fi: = fo X Ft X Fa 


Where f» = base value of film coefficient, from Fig. 7. 
F: — temperature—correction factor, from Table 5. 
Fa — diameter—correction factor for inside diameter 
of pipe, from Table 6. 
TABLE 5. 
Temperature Correction Factor for Water—Case 1 
Aver. Temp. t 
50°F. 0.66 
100°F. 1.00 
150°F. 1.30 
200°F. 1.56 
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v= Velocity 
Fig. 7. Base Values of Coefficient fy for Case 1 and Case 2 


lo 18 2 3 4 5 10 
in ft. per sec. 


W.W.& S.— REFERENCE & DaTa — 1945 


















TABLE 6. 
Diameter Correction Factor for Case 1 


Inside Inside 
Pipe Dia Pipe Dia 

Inches Fe Inches Fa 
0.20 1.38 1.20 0.97 
0.30 1.27 1.30 0.95 
0.40 1.20 1.40 0.94 
0.50 1.15 1.50 0.92 
0.60 1.11 =. pee 
0.70 1.08 2.00 0.87 
0.80 1.05 2.50 0.83 
0.90 1.02 3.00 0.80 
1.00 1.00 3.50 0.78 
1.10 0.98 4.00 0.76 


Case 2. Water Heated Outside of Single Horizontal Pipes, 
Forced Convection—As previously stated, this type of convec- 
tion differs from free convection by reason of the artificial move- 
ment of the liquid past the pipe caused by mechanical agitation 
such as stirrers. As in Case 1, the film coefficient f. can be de- 
termined from 

o =f» X Ft X Fa 
Where fo base value of film coefficient, from Fig. 7. 
Fe = temperature—correction factor, from Table 7. 


Fa diameter—correction factor for inside diameter of 
pipe, from Table 6. 
TABLE 7. 
Temperature Correction Factor for Water—Case 2 
Aver. Temp. Ft 
50°F. 0.77 
100°F. 1.00 
150°F. 1.16 
200°F. 1.30 
TABLBD 8. 
Diameter Correction Factor for Case 2 
Nominal terna 
Pipe Dia Pipe Dia 
Inches Inches Fa 
.75 1.050 .98 
1.00 1.315 -90 
1.25 1.660 81 
1.50 1.900 75 
2.00 2.375 68 
2.50 2.875 63 
3.00 3.500 58 
3.50 4.000 54 
4.00 4.500 50 


Case 3. Water Heated Outside of Single Horizontal Pipes, 
Free Convection.—In this case the base value of the film coeffi- 
cient is obtained from Fig. 8 as a function of AT, in °F., in 
which AT, is the temperature difference between the main 
body of fluid and the pipe wall. It is sufficiently accurate to take 
AT. as 4ATo 

fo = fo X Ft X Fa 


Where f> = base value of film coefficient, from Fig. 8. 
Fe = temperature—correction factor, from Table 9. 
Fa = diameter—correction factor for outside pipe diam- 
eter, from Table 10. 
TABLE 9. 
Temperature Correction Factor for Water—Case 3 
Aver. Temp. Ft 
50°F. 0.77 
100°F. 1.00 
150°F. 1.15 
200°F. 1.26 
TABLE 10. 
Diameter Correction Factor for Case 3 
Nominal External 
Pipe Dia Pipe Dia 
Inches Inches Fa 
.75 1.050 98 
1.00 1.315 93 
1.26 1.660 88 
1.50 1.900 85 
2.00 2.375 81 
2.50 2.875 77 
3.00 3.50 73 
3.50 4.00 71 
4.00 4.50 69 


Case 4. Water Heated Outside of Vertical Banks of Piping, 
Free Convection.—The method for determining the film coefficient 
in this case is simjlar to that given for Case 3, except that no 
diameter—correction factor is necessary. Thus 


fo = fo X Fr 
Where f>» = base value of film coefficient, from Fig. 8. 
Ft = temperature—correction factor, from Table 11. 
TABLE 11. 
Temperature Correction Factor for Water—Case 4 
Aver. Temp. Fe 
60°F. -73 
100°F. 1.00 
150°F. 1.19 
200°F. 1.33 


Case 5. Water Heated Outside of Vertical Banks of Piping, 
Forced Convection—Approximate values of the film coefficient 
for water being circulated outside of vertical; parallel-tube heat 
exchangers by artificial stirring or agitation can be determined 
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as a function of the film coefficients determined for sj 
in Case 2. Thus Sine tubes 


fo = LB X fee. 
in which f,.e. should be evaluated at a velocity as estj ut 
the narrowest section between the parallel pipes of the unit, 


Over-all Heat Transfer—In the type of heat transfer egy: 
ent commonly used in sludge digestion tanks, one fluid rece; 
heat from another fluid, the two fluids being separated the 
solid wall of a pipe or tube. When designing such heat exchano. 
ers, the temperatures of the fluids inside and outside the Pipes 

are usually known, or are controlling criteria, but the 

ture of the pipe wall is not known. Consequently, the ex 
rate of heat transfer cannot be calculated directly from the 
coefficients, since these are based on the temperature differenc 
between the pipe wall, and the fluids. However, the 

rate of heat transfer can be readily calculated from the over.gj 
coefficient U, because this coefficient is based on the temperature 
difference between the two fluids. The coefficient U can } 
defined as the rate of heat transfer from one fluid to anothe 
per unit area of the separating wall per degree mean tempera. 
ture difference between the two fluids. Thus 


ee Ff ee (13) 


Where H = total heat transfer in B.t.u. per hour. 
= the over-all coefficient, B.t.u./hr./sq. ft./°F, 
ATm = the mean temperature difference between the 


maip bodies of the fluids on each side of the 
separating on pipe wall in °F. 

Relation Between Film Coefficients and Over-all Coefficient 
By the ‘resistance concept, the over-all coefficient U can be cal. 
culated from the film coefficients and the conductivity coefficient 
of the pipe wall when these are known. For thin-walled pipes, the 
area is based upon the outside surface. Thus, for clean pipes, 

1 1 b 1 


ht St ee 


Where f: = film coefficient for the inside of the pipe, B.t.u,/- 
hr./sq. ft./°F. 
fo = film coefficient for the outside of the pipe, B.t.u./- 
hr./sq. ft./°F. 
f = thickness of pipe wall in inches. 
k = coefficient of thermal conductivity of the pipe 


wall, B.t.u./hr./sq. ft./°F./inch of thickness. 


Equation (14) is the theoretical formula for the resistance 
1/U to the transfer of heat between the two main bodies of fluid. 
However, when the values of the coefficients f:, f. and k are 
examined, it can be readily seen that the resistance b/k offered by 
the pipe wall is most often negligible compared to the resistances 
1/f: and 1/f.. Therefore, for practical purposes, sufficiently ac- 
curate values of the over-all coefficient U can be calculated if the 
resistance through the pipe wall is omitted. Thus 


1 1 1 
—tt Sone, Mout TETTLIT TTT TET ETT TT (15) 
U fi fo 
1 
and i —_nccc ccc cccccrcccvccccccescesesecces (16) 
1 1 
fi fo 


Effect of Scale on Over-all Coefficient U.—Equations (15) and 
(16) for calculating the over-all coefficient U involve the assump- 
tion that both inner and outer surfaces of the pipe are clean 
and free from scale. Under sludge digestion tank conditions, the 
outside of the pipe will always have a crust or scale of appre- 
ciable thickness, dependent to some extent on the temperature 
of the water circulated through the pipe. Higher circulating 
water temperatures are conducive to a greater degree of incrus- 
tation on the pipes. Therefore, it is good operating practice to 
keep the temperature of the hot water supply to the heat ex- 
changer below 150° F. 

The inside of a heating pipe will also accumulate some scale. 
The degree of scale is almost entirely dependent upon the hard- 
ness of the water. A hard water is conducive to scale formation 
while a soft water will be correspondingly free from this trouble. 

The following values for dirt and scale coefficients have been 
taken from the Standards of Heat Exchange Institute’. 


TABLE 12. 


Scale Coefficients ‘‘S’’ in B.t.u./hr./sq. ft./°F. 
S = Scale Coefficient 


Kind of Water 125°F. or less Over 125° F. 

Hard Water (over 15 grains/gal.).......... 330 200 
Lake and Eastern Well Waters........... 1000 500 
River Waters 

DEE. Gdoccvetbccecceaetdess +eeuseeces 500 330 

DEE céncadcectverhooedeteceeaveios 330 250 

ee a ere 330 250 

EE tctavetnedsasebenssvencnaceeses 330 250 

Chicago Sanitary Canal ...........00.. 130 100 
i  nedicesbi nd ib bcdeekenseabee 70 50 
DE THE ocd bbunkeccesivedcecetesees 2000 2000 






(13) 


the 

r the 
nt — 
Cal- 


, the 
pes, 


(14) 


u./- 


u./- 


it Nee 








8 








e 
y 150 
4 






































100 

90 

80 

ag wt = p> 
7 

+r 





8 






































f,= Base Value of Film Coeff 
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AT, ~ Temperature Difference between 
Water and Pipe Wall in °F. 


Fig. 8. Base Values of Coefiicient fr for Cases 3 and 4 


Therefore, if the resistances due to inside and outside scale 
formations are added to Equations (15) and (16), then for thin- 
walled pipes : . 


+—+ _ 
U fi fo 1 S: So 





1 1 1 1 

——-—+—Ft—_— 

f: fo S: So 
S: = inside scale coefficient, B.t.u./hr./sq. ft./°F. 
Se = outside scale coefficient, B.t.u./hr./sq. ft./°F. 


where 


Circulating Water.—The quantity of hot water to be circulated 
through a heat exchanger depends upon the total heat to be trans- 
mitted, and the temperature drop between the hot water supply 
and return. Obviously, the greater the temperature drop for a 
given B.t.u. exchange, the lower is the quantity of hot water re- 
quired, and vice versa. A practical temperature drop is about 
20° F., as for example, if the hot water supply is 130° F., the re- 
turn will be 110° F. Therefore, the quantity of water required is 








B.t.u./hr. 
Q= — - 
(Ts— Tr) X 60 X 8.33 
B.t.u./hr. 
cece eee e en eeeeees (18) 
(Ts — Tr) X 500 
where Q = rate of hot water circulation, g.p.m. 
s = temperature of hot water supply, °F. 
Tr = temperature of hot water return, °F. 


Illustrative Problem 5 (Design of Heat Exchanger—Horizontal 
Heating Pipes with Free Convection) 

The sludge digestion tank shown in Figure 2 is to be provided 

with heat by means of a spiral-form horizontal heat exchanger. 


‘This problem is a continuation of Problems 1 and 2, the three 


problems comprising a comprehensive solution of a sludge diges- 
tion heating application. Pertinent data are as follows: 
Heat required 256,900 B.t.u./hr. 


Tank Floor to bottom pipe = 6 feet 
Vertical spacing of pipes.. — 12 inches 
Mechanical Agitation ..... = None 
SED, Sctnoakes advances = Free 
Temperature of Sludge.... = 85°F. 
Temperature H.W. Supply. = 130°F. 
Temperature H.W. Return = 110°F 


Circulating Water ........ Well water, 100 ppm hardness 
From Equation (18) 


256,900 





Q= = 26 g.p.m. 
(130 — 110) x 500 


Since the base coefficient f, for the inside film depends upon 
the velocity of flow through the pipe, it is necessary to assume 
a pipe size which appears in advance to fit the conditions. If 
the heat exchanger based upon this pipe size is found to be 
unbalanced, a second calculation must be made for another pipe 
size. If a 2% inch internal diameter, wrought iron pipe is as- 
sumed, then the.velocity of the hot water through the pipe is 
1.68 ft./sec. Since this is greater than .049 ft./sec., the flow 
is turbulent (see Equation 10). . 

The inside film coefficient f; can be obtained from Case I, and 
the outside film coefficient f, from Case 3. From Figure 7, 
fp = 410 B.t.u./hr./sq. ft./°F.; from Table 5 by interpolation, 
F, for 120° F.—1.12; from Table 6, Fa for 2% inch pipe = 0.83. 
Hence, 


f: = 410 X 1.12 x 0.83 
= 382 B.t.u./hr./sq. ft./°F. 
The average temperature difference AT., inside to outside 
water, is (120—85)/2—17.5° F. From Figure 8, f.=95 


B.t.u./hr.; from Table 9 by interpolation, F; for 85° F. = 0.86; 
from Table 10, Fa for 2% in. pipe = 0.77. Hence 
fo 95 X 0.86 X 0.77 
63 B.t.u./hr./sq. ft./°F. 
The inside and outside scale coefficients can be obtained from 
Table 13. 


Hl 


S: 500 B.t.u./rr./sq. ft./°F. 
So 70 B.t.u./hr./sq. ft./°F. 


Thus in Equation (17) : 


Wi 





Uv = _—__— 
1 1 1 1 
—+—+—+— 
382 65 500 70 
= 28.8 B.t.u./hr./sq. ft./°F. 
The total effective area of heating pipe surface required to 
transmit 256,900 B.t.u./hr. can be obtained from Equation (13). 
H = AU (ATm) 
and A. H 
U (ATm) 
256,900 
~ 28.8 X (120 — 85) 
= 255 sq. ft. 


The external area of 2% inch wrought iron pipe is .753 sq. ft. 
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R-224 


per foot of length. The minimum length of heati i i i i ‘quati 
will be 255/784 = 338 lineal feet ngth of heating pipe required transmit so oe can be obtained from Equation (13) 


_ One spiral pipe coil of 39 ft. diameter (1 ft. less than the H 

- me reo the sludge digestion tank) has a length of 123 *"4 A= U tATm) 
neal * >. mi . ° r m 
338/123 28 us, the minimum number of coils required is L 256,900 


ant , Heat exchanger consisting of 3— 39-ft. diameter coils of 
2 . a ee iron pipe will satisfy the requirements of the 
problem if 26 g.p.m. of 130° F. water is circulated continuously. The external area of 2%4 inch wrought iron pipe is 0.753 sq. ft 
Dae J, per foot of length. The minimum length of heating pipe required 
oneiaies Problem 6 (Design of Heat Exchanger—Vertical will be 131/.753 = 174 lineal feet. ne 
ank Type of Unit with Forced Convection) Each vertical pipe in the bank-type heat exchanger has 25 fee 
aa - . ke : 
The sludge dicesti la lee ; , of its length immersed in the liquid to be heated. The horizon 
ofa hea +e oon ppt y he | oad hn to be provided hot water supply and return pipes will have a minimum oa 
sludge will be stirred by a ier sires gage Fras Phe See ee eon nidine. if six ‘wartieall ca 
: = ; es : i, j iping, if six verti Des 
as — in Figure 6. Pertinent data are as follows: — —— <b par te sag a. _——— 
eat required = 356 
spacing, of pipes 2 y > > _etae Heat exchanger—25 x 6 9 
Mechanical agitatien - Rotary Stirrer, 60 r.p.m. nee oe ee 


Convection = For 
Temperature of Sludge er SORA epeniee lame 


Temperature of H.W. Supply = 130°F. ° : : . 
This heat exchange piping will meet the requirements 


Temperature of H.W. Return = 110°F. 
Circulating Water = Well water, 100 ppm hardness problem if 26 g.p.m. of 130° F. water is circulated continuously, 


From equation (18) 
256,900 SELECTION OF HEATING EQUIPMENT 
( SS 9 
. (130 — 110) x 500 7 Sam. Standard equipment and control devices for heating hot water 
are too well known to warrant much discussion here. The usual 
If a 2% inch internal diameter pipe is assumed as in Problem  *°°SSS of heat are conventional coal, oil, or gas-fired hot water 
5, the velocity of the circulating water will be 1.68 ft /sec. The boilers. A great majority of municipal sewage treatment plants 
inside film coefficient f: can be obtained from Case 1, and the S¢ On€ OF more of these. However, in many industrial plants, 
outside film coefficient £, from Case 5. ae, low-cost a < electric current ? a and in — 
From Fi “ve ae on it is usually much more economical to use these sources of heat 
by tele ad 4g radi Ha lon > 2 ys F.; from Table 5 than it would be to recover the gases of sludge digestion for 
214 inch pipe —'9 3 Hen .=1.12; from Table 6, Fa for heating purposes, or to use any auxiliary fuel. 
: ee -_ Where steam is used as a prime source of heat, the digestion 
f; 410 X 1.12 k 0.83 tank circulating water can be heated automatically to any desired 
= 382 B.t.u./hr./sq. ft./°F. temperature by means of an instantaneous type of shell and tube 
hot water heater. With this type of heater the steam is intro 
duced in the shell, and the hot water is circulated through the 
tubes. The quantity of steam admitted into the heater is con- 
trolled by a thermostatically-operated steam valve. 





56.0 <X (120 — 85) 
= 181 oq. ft. 


The distance from the stirrer shaft to the center of the vertical 
heat exchanger is 5 feet. Since the speed of the stirrer is 60 


r.p.m., the peripheral velocity of the liquid through 
LC , ; gh the heat . : . : 
exchanger will be from Equation (11) Where electric current is used as a prime source of heat, large 


, _ *V10 X 60 r.p.m capacity electric circulation heaters are used. These heaters have 
ve- oo limited storage capacity, and depend entirely upon the heating 
= % tae element to be of a size sufficient to heat the water as it 1s circu- 
ste ig ‘ lated through the heater. A thermostatically-operated switch 
Brom Fi - controls the amount of electric current applied in order to main- 
from Tabi + ae / (Case 2), f»= 1800 B.t.u./hr./sq. ft./°F.; tain the hot water within a predetermined temperature range. 
a F wae BA ry ay peg F for 120° F.= 1.06; from Table Hot water circulating pumps are almost mandatory in order 
» Fa tor 2/2 inch pipe = .63. Hence, from Case 5 to insure a positive circulation of the proper quantity of hot 
fo = 1.2 X fat. water through the digestion tank heat exchanger at all times. 
hase Btw /r 1.06 X 63 Such circulating pumps may be manually controlled, but it is 
oo ES. SETS preferable to operate them automatically by means of a thermo- 
The inside . ; , . static switch of the Minneapolis-Honeywell or Mercoid Corpora- 
A a and outside scale coefficients can be obtained from tion type. The actuating temperature in this arrangement must 
i ” be the temperature of the digestion tank liquid which is bei 
S: 500 B.t.u./hr./sq. ft./°F. heated — - we ; ’ 7 
Se = 70 B.t.u./hr./sq. ft./°F. a REFERENCES 
Thus, in Equation (17) 1. Keefer—‘‘Large Scale Sludge Digestion Experiments at Balti- 
more,’ Water Works & Sewerage, Pg. 81 (Mar., 1933). 
U : 1 2. Downes—“Gas Collection and Sludge Heating,’’ Sewage Works 
1 ae ee Journal, Pg. 72 (January, 1932) 
4 1 1 3. Standards of Heat Exchange Institute, published by Heat Ex- 
199 1450 500 >= ‘ change Institute, New York City, 1937. ; 
cag ° 500 = 70 t.* Rawn—“Sludge Digestion Temperature Control With Live 
= 56.0 Bt.u./hr./sq. ft./°F. Steam,"’ Water Works and Sewerage (July, 1942). 


“‘tiy . . ‘ *Added by the editors. An article published since author's prep- 
The total effective area of heating pipe surface required to aration of this paper. , 7 





m ( Ed. Note.—Since the author wrote this paper, an article titled 

Sludge Digestion Temperature Control With Live Steam,’’ by 
A. M. Rawn, appeared in the July, 1942, issue of WATER V/7oRKS 
AND SEWERAGE. Mr. Rawn’s article, which describes th2 use 
of live steam for direct heating of raw sludge, or to raise liges- 
tion tank temperatures by direct application, may also be ftouné 
in the Reference and Data Section of 1943 issue.) 
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OPERATING ENGINES ON SEWAGE SLUDGE GAS* 






Some Comments on Their Care and Operation 


ETHODS of sewage treatment, in which sludge is digested, 
M made possible the production and connection of power pro- 
ducing gas from digesting sludge. In the earlier period of di- 
gestion of sewage sludge, the gas generated in the process was 
considered of no value, and it was burned to waste to prevent 
obnoxious odors. Then economy demands directed engineers to 
utilize the sludge gas in heating the sludge in the digestion tanks 
so as to maintain the required uniform digestion temperature, 
thereby improving the process of sludge digestion and the quality 
of digested sludge. In the past few years sludge gas has been 
put to.use also in the generation of power by passing it from 
the digestion tanks through gas engines—these gas engines 
driving electric generators or air blowers or raw sewage pumps. 
To effect further utilization of the heat contained in the sludge 
gas, the jacket cooling water of the gas engines is passed through 
heat evchangers which heat the water circulated through the 
heating coils of the digestion tanks and building spaces. Addi- 
tional heat is being recovered from the sludge gas by passing 
the engine exhaust through waste gas boilers to add additional 
thermal units to the hot water in the heat exchanger. 


The Power in Sewage Sludge Gas 


Gas from digesting sewage sludge is an excellent fuel for gas 
engines. It has an average heat value of 600 British thermal 
units per cubic foot, and values up to 650 or more units are ob- 
tained. Its composition is given in general as 64 per cent methane, 
30 per cent carbon dioxide, 5 per cent nitrogen, a trace of hydro- 
gen sulphide, and 1 per cent other gases .The gas is produced in 
a fairly uniform volume at all times in the normal operation of 
a sewage treatment plant; and possible peak flows or excess quan- 
tities may be stored in gas holders. 

Generally a municipal sewage treatment plant of proper design 
can produce one cubic foot of gas per person in 24 hours; but 
an average conservative figure is three-fifths of a cubic foot. 
Supposing a sewage treatment plant serves a city of 100,000 peo- 
ple, and the average value of the sludge gas generated is 600 
British thermal units per cubic foot, and assuming that three- 
fifths of a cubic foot of gas is generated per person per day, 
then the brake horsepower developed is: (100,000 x 3/5 x 600) 
(24 X 10,000) or 150 horsepower. If one cubic foot of gas is 
generated per person per day, the horsepower generated would 
be 250 for a population of 100,000. If garbage is ground into 
the sewage, the gas production might be doubled, giving a 
power production of 500 horsepower per 100,000 population, or 
5 per 1,000. 


Scrubbing Sludge Gas 


If the sludge gas contains an excessive quantity of H:S or 
hydrogen sulphide, the pistons and cylinder walls of the engine 
are likely to be harmed; for the products of combustion, namely, 
the water and sulphur dioxide (SO:), unite to form the very 
corrosive sulphurous acid (H,SO;); but any amounts of volatile 
sulphide are just as objectionable in the engine fuel as is hydro- 
gen sulphide. 

If the content of sulphide in sludge gas should exceed 0.07 per 
cent by volume, or about 50 grains in 100 cubic feet of gas, a 
gas scrubber should be placed ahead of the gas engine. The 
sulphur in the state of hydrogen sulphide is removed in the 
scrubber by passing the sludge gas through a bed of finely divided 
iron oxide held in wood shavings. The iron oxide reacts with 
the hydrogen sulphide to form water and sulphide of iron in 
accordance with the equation FeO; + 3H:S = Fe.S; + 3H;0. 
The wood shavings serve only as a sponge for the iron, keeping 
open the mass of iron oxide, so the gas can pass through the 
scrubber with a minimum of resistance. In order to promote the 
chemical action between hytirogen sulphide and iron oxide, the 
temperature of the gas scrubber should be kept above 60 degrees 
Fahr. Artificial heat may have to be supplied. 

The gas scrubber may be built readily by the operating staff 
of the sewage treatment plant. If 160,000 cubic feet of gas is to 
be scrubbed per day, containing about 100 grains of hydrogen 
sulphide in 100 cubic feet of gas, the scrubber should be figured 


*This article, from The International Engineer of May, 1941, so 
well tells the story of power generation from sludge digestion gas, 
that we have asked permission to reproduce it.—Ed. 
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on the following basis: Enough iron sponge should be provided 
to last about 60 days. There is about 20 pounds of ferric iron 


in one cubic foot of sponge. Theoretically, 20 pounds or one 
cubic foot of ferric iron sponge will react with 127,000 grains 
of hydrogen sulphide. In actual operation, this reaction capacity 
will be cut to about one-third, or to 40,000 grains of hydrogen 
sulphide. Figuring 100 grains of hydrogen sulphide in 100 cubic 
feet of gas, and 160,000 cubic feet of gas per day, the total 
hydrogen sulphide to be removed in 60 days is 9,600,000 grains. 
Therefore the amount of iron sponge required is 240 cubic feet. 
The gas scrubber tanks should be large enough to hold this 
amount of iron sponge, and in addition there should be at least 
three inches of space at the bottom of the scrubber, underneath 
a tray, this space aiding in better distribution of the incoming 
gas to the sponge bed. The scrubber should be coated inside with 
a bituminous paint. 

The iron sponge can be used over again after regeneration. 
When it has become exhausted or sulphided in the 60-day period, 
it is exposed carefully to the air so as to allow the iron sulphide 
to absorb oxygen, enabling .the iron to revert back to its original 
ferric oxide state according to the equation 2Fe.S; + 30.— 
2Fe.0;-+ 6S. There is so much heat generated in this reaction 
that there is danger of the iron sponge starting to burn and be 
destroyed. The rate of heat generation can be controlled by 
wetting the exhausted iron sponge thoroughly with water, taking 
it then from the scrubber tank and piling it in the open air. 
After the sponge has charged from blacw to brown in color, it 
can be placed back in the scrubber; it should be placed uniformly 
and tamped lightly as it is placed to fill all space evenly. The 
iron sponge can be regenerated two or three times in this manner, 
before it has to be discarded finally. 


Engines for Sludge Gas 


Gas engines for running on sludge gas are built generally in 
sizes from 15 to 1,800 horsepower. They are connected direct 
to electric generators, or to air blowers, or to sewage pumps by 
way of gearing, or to other mechanical equipment. They are 
used full or part time, all or part of the installation, as gas be- 
comes available. For running a gas engine full load and full time 
in spite of insufficient sludge gas supply, city gas can be made 
available for standby. . 

The heavy duty slow speed gas engine is preferred to other 
gas engines. It can run for several years continuously with low 
cost of maintenance and repairs. In the smaller size of gas en- 
gine the valve-in-head type is preferred. By installing a car- 
buretor, gasoline may be used as fuel instead of gas. The gas 
engine can be expected to have a normal life of 20 years. Re- 
pairs will run about $2.00 per year per brake horsepower. The 
gas engine is required to run almost continually, for if it is shut 
down, generally considerable electric power must be purchased 
and a high kilovolt-ampere demand results. . 

The sludge gas enters the engine by way of a gas mixing 
valve in which the gas is mixed with atmospheric air in proper 
proportion. The valve has a function which is similar to that of 
the carburetor used in gasoline engines, and it contains an air 
valve and a gas valve, each regulated separately; due to this 
arrangement the fuel mixture can be changed to suit the chang- 
ing British thermal unit content of the gas. Just ahead of the 
gas mixing valve, the gas pressure is reduced to atmospheric 
pressure by use of a suitable pressure regulator. By installing a 
gas reservoir between the pressure regulator and the mixing 
valve, the operator can maintain a constant supply of gas at the 
atmospheric pressure; and this reservoir should be at least 30 
cubic inches in size per horsepower of engine rating. 

Generally speaking, at full load the fuel consumption of the 
gas engine does not exceed 10,000 British thermal units per 
brake horsepower-hour, which equals 15,000 British thermal 
units per kilowatt hour. If the sludge gas has a low heat value 
of 575 British thermal units per cubic foot, a kilowatt-hour 
generated requires 26.1 cubic feet of gas at full load, 27.5 at 5/6th 
load, 29.3 at %rd load, and 32.7 at % load. 


Installations of Gas Engines 


Hundreds of installations of gas engines running on sewage 
sludge gas have been made during the last few years, including 
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at least 3,500 horsepower at Tallmans Island plant, New York 
City; 1,820 at the Coney Island plant, New York City; 835 at 
Peoria, Ill.; 360 at Detroit, Mich.; 300 at Cedar Rapids, Iowa. 
[See appended list of engine installations. The largest will be 
that at New York’s Jamaica plant, with 3 engines of 1,440 H.P. 
each—i. e., 4,320 total H.P.—Ed.] 


Gas and Air System.—The fuel gas system of the engine 
consists as a rule of a gas holder or reservoir (which may be a 
floating cover on the digester tank), a gas meter, a pressure 
regulator, a mixing valve, and a governor. The governor needs 
careful attention; its rotating parts must be kept lubricated 
properly—when the lubricating oil is discharged back to the 
crank case, attention must be given that the blowby gases are 
not depositing water in the governor. Keep all flat wearing sur- 
faces of the governor free of depressions so that it continues to 
respond smoothly and rapidly. Inspect the governor every time 
the piston is removed. 


Draw all intake air through adequate filters; for dust drawn 
into the engine with the air accelerates the wear of moving parts. 
All intake air lines should be large which prevents high losses 
in pressure when the engine is running at full load. The mixiing 
valves need adjustment and lubrication occasionally. Water 
should be kept out of the gas piping. 


Air Starting and Safety Devices 


The air starting system of the gas engine includes air com- 
pressor, air reservoir tanks, and air piping. The air compressor 
should be inspected occasionally and repaired if necessary. See 
that the condensate drains properly from the air starting tanks 
and piping. Check blow-off cocks, and float-operated condensate 
separators on the tanks, periodically to be sure they remove water 
from the air storage tanks and air lines, and prevent the fouling 
of spark plugs due to injection of water into the engine cylinder. 


The ignition system consists of magnetos, or battery-operated 
spark coils, timed distributors, high tension distribution wiring 
and spark plugs. Keep the voltage generated at a minimum to 
keep the magneto or spark coil in best operating condition; do 
this by keeping the spark gaps at or near the minimum for 
production of a good spark. Change or clean spark plugs and 
re-adjust the gap when the gap increases from the normal 
0.025-inch setting to about 0.050 inch. The double electrode plugs 
are well suited to the gas engine. Spark plug gap adjustment may 
be required once a month. Clean magneto and distributors once 
each year and adjust or replace electrodes as needed. Check 
timing settings against the flywheel markings every time the 
timing mechanism is dismantled. Inspect high tension wiring for 
cracks and take precautions against possible cross firing where 
wires are adjacent to each other. 

The engine protective devices generally are instruments actu- 
ated by pressure, temperature or mechanical movements, thereby 
operating electrical switches or relays. These relays and switches 
ground the magnetos and close the fuel gas valve, so that the 
engine is shut down. If the gas engine drives an electric gen- 
erator, there is also a generator breaker which is tripped and 
the electrical system cleared for normal operation. 

Pressure gauges, tachometers, pyrometers and other indicating 
devices should be kept in good operating condition. All delicate 
indicating devices and safety devices, and all gauges should be 
kept mounted on panels which are isolated from the engine so 
they will not wear due to vibration. The safety devices and 
gauges should be inspected and checked quite often to make sure 
they operate properly. Check the protective devices which shut 
the engine down when the temperature becomes excessive or 
when the pressure of cooling water or lubricating oil should drop 
below normal. Also check the overspeed protection device. 


Maintenance Schedule 


Following a routine maintenance schedule will insure the 
operation of the gas engine with a minimum of shutdowns. De- 
tails of maintenance on the gas engine are affected by the size, 
speed, operating condition and design of the unit. The operating 
engineer should have a routine maintenance schedule for each 
engine to follow throughout the year. He should keep a com- 
plete record of all maintenance work on the unit. Such records 
will help to work out a more reliable maintenance schedule and 
overhauling schedule as the years pass; and it enables the 
engineer to keep a closer check on the performance of each 
engine part. Dated records should be kept on crankshaft allign- 
ment, clearance of piston rings, bearing clearance. The operating 
engineer should take note also of the condition of piston rings, 
pistons, liners, oil conditions, dimensions and replacements of 
piston rings, diameters of liners, etc. 
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Main Crankshaft and Connecting Rod Bearings 


After the gas engine has been run for some time, the ma; 
crankshaft and connecting rod bearings should be inspected 
the rate of once per year. The bearings should be checked Po 
clearance. The main crankshaft bearings must be checked fon 
proper alignment; this should be done after the main beatings 
are adjusted and whenever the pistons are removed. mis. 
alignment can be determined by measuring the deflection of the 
crankshaft flanges when rotating the shaft. Mount a iti 
deflection gauge between the parallel crank faces of the crank. 
shaft and take readings at 90-degree intervals in the shaft 
rotation. 

If the gas engine is run with misaligned main bearings, a 
repeated flexing of the crankshaft metal. occurs and in the 
there will be crystallization and failure of the shaft. If the 
measured deflection of a large gas engine is .003 inches, the bear- 
ings should be adjusted. The bearing adjustment can be done 
by removing and scraping the lower half of the main bearj 
until the proper alignment has been obtained. To estimate the 
clearance in bearings, the most satisfactory way is to remove the 
small shims, reassemble the bearing until it just binds in the 
shaft, and then reinsert the proper size of shim to provide the 
correct clearance. 

Every two or three years the clearance between the wrist pin 
and wrist pin bushings should be measured. If there is a thump 
of pronounced intensity, it indicates that a wrist pin assembly 
has become defective. In this case press the pin out of the 
piston, and measure the diameter of both the pin and bushing 
with a micrometer gauge. If excessive wear has occurred, grind 
the pins to true circular section and install new bushings of cor. 
rect diameter. 


Cylinders and Pistons 


About every six to eight months the piston should be removed 
from the gas engine so that carbon deposits can be removed from 
around the rings and so that any rings showing excessive wear 
can be replaced. Clean the piston and piston rings thoroughly of 
gumming oil and hard carbon. The oil holes back of the piston 
grooves should be cleaned. Replace the piston rings on the same 
piston from which they were removed. Stagger the ring gaps 
on opposite sides of the piston. Liner packing rings should be 
checked for tightness after the engine has been reassembled, by 
placing the water jacket under water pressure and watching for 
water leaks into the crankcase. 

If pistons are operated for a prolonged time with piston rings 
stuck, the piston and liner may become scuffed or gouged. If 
there is an indication that the piston rings are not working 
properly, clean the piston and free the piston rings at the earli- 
est hour possible. When excessive blowby of cylinder gases into 
the crankcase is noticed, or when there is a marked increase in 
the consumption of lubricating oil, it is likely that some of the 
piston rings have become stuck in the piston ring grooves. By 
removing the piston rings promptly and correcting the condi- 
tion, excessive wear on pistons, piston rings and cylinder liners 
resulting from higher temperatures and poor lubrication is 
stopped or prevented. 

When the piston is being cleaned, inspect the piston rings for 
wear and ring gap. After the piston rings have been placed on 
the piston, check the clearance between the rings and groove, by 
use of a feeler gauge. The seat for the piston ring should be 
square, and there should be no excessive taper in the ring 
groove, for this may lead to sticking of the rings. If power or 
compression rings are to be used over again, chamfer them 
slightly with a file to remove sharp wearing edges. The oil 
control rings of the scraper ring type should have a relatively 
small bearing area and also a sharp scraping edge. 

It is best, after the head has been taken off and the liner and 
piston removed, to measure the diameter of the liner in both 
transverse and lateral direction at three points of the piston 
stroke. Then make a record of the readings and compute the 
amount and rate of wear. After a new engine has been run for 
some time, the average maximum increase in diameter of the 
liner may amount to from .0004 to .0005 inches in 1,000 hours 
of operation. Cylinder liners may stand three reborings, after 
which new ones should be installed. Any rings showing excessive 
ring gap, lack of tension and an undue reduction in radial 
thickness should not be used again. 


Valves Need Checking 


Whenever the engine is dismantled, check the air starting valves 
and the valve motion devices including gears, camshaft, cams, 
push rods, and valve operating rockers. 

Reseat the exhaust and intake valves periodically to be sure 
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i k properly. The exhaust valves should be reseated 
they =. ines cumin, and the intake valves should be re- 
yori every four to six months. If the valve discs and seats 
om become pitted, they should be placed in a lathe and ground 
with a carborundum wheel until all pitting is removed; or the 
pitting may be removed with a cutting wheel. f 

Small quantities of carbon and dust depositing between valve 
stems and guides may cause the valve to stick. This occurs most 
likely after the engine has been shut down. Clean the valve sur- 
faces and inspect them for proper clearance Excessive clearance 
of the valve stem will cause the valve to move sideways too much 
so that it may not close completely over the entire seat; and the 
valve disc may start to warp in reference to the stem. It is 
possible that the valve disc has warped already on the stem, 
and therefore will have to be aligned. If the valve guides have 
worn too much, cast iron bushings can be inserted to provide 
again a proper clearance. Hard steel bushing inserts may be ob- 
tained for the valve cages, and also replaceable valve seats. 

In larger engines the valves should be in removable cages, or 
they should be installed in some other way which makes them 
easily removable for inspection and for grinding of valves. The 
operating staff should keep a stock of removable valve seat 
inserts. 
mit the valve does not seat properly, injury may result to the 
valve and the gas engine will lose power and operate unevenly: 
After the valves have again been assembled in their cages, the 
seating surface should be lapped in with a good grinding paste. 
Later the fit should be checked by using a colored paste, as for 
example prussian blue. First apply some prussian blue paste to 
the cage seat. Then wipe to a thin film with a dry cloth. Then 
place the valve in the cage. Then rotate the valve disc slightly. 
Then check the disc which should show a continuous ring of blue. 
If it does not, more grinding is necessary to make a true contact. 
Smaller valves may be ground completely more economically by 
the lapping method only. 

Having replaced reground valves, the clearance between the 
valve stem cap and the valve operating mechanism should be 
adjusted properly. Inspect this clearance quite often for about 
two days after they have been put in service and adjust whenever 
necessary; for there may be a change in clearance for a day 
or two due to the hammering of the valve. It is a good plan to 
inspect the valves about once a week to make sure that a proper 
clearance is maintained. 


Lubrication 


Most careful attention should be given to the lubricating oil 
system consisting of engine sump or oil storage tank, oil pump, 
oil filter, or screen, oil cooler, oil centrifuge, or purifier, and 
oil distribution lines. The best quality of oil obtainable for the 
purpose should be used in the plant. After a new installation 
has been started, the oil should be checked say weekly for sus- 
pended solids, for viscosity, for water, for neutralization num- 
ber, and also for sulphur content if the gas burned contains an 
appreciable amount of hydrogen sulphide. An oil changing and 
oil purification schedule should be worked out from experience 
to meet engine requirements; and once this has been done, the 
oil conditions may have to be inspected only about once a month. 

When operating conditions are normal and a batch system of 

purifying the oil is used, the oil should be removed fully once a 
month and new or purified oil substituted. The oil tends to build 
up solids, due to thermal decomposition. Water which forms 
in the crankcase of the engine from blowby of combustion gases, 
leads to the forming of oil-water emulsions which are some- 
times called sludge. When accumulating in the crankcase, this 
sludge should be removed completely before any new or purified 
oil is added to the system. The rate of oil decomposition and the 
formation of sludge being increased by excessive blowby of the 
combustion gases, oil inspection and oil changing may be re- 
quired more frequently if excessive blowby occurs. 
_ The operator should never allow the sludge to accumulate so 
it will be pumped through the oil circulating system. The oil 
pump for the main distribution system should be checked fre- 
quently to insure the correct discharge pressure. Oil screens in- 
stalled to remove coarse particles should be cleaned every three 
or four months. - 

It is best to remove the water and sludge from the crankcase 
by using a gear pump with flexible suction hose. not wipe 
the crankcase with rags, for the lint left might be pumped 
through the oil lines and deposited on the screen, which will re- 
sult in lower oil pressure in the system. 


Oil Cooling and Purifying 


The temperature of the oil in the cooler should not exceed 160 
degrees Fahr., and water should not be allowed to leak into the 


R-227 


oil. There should be thermometers in the oil line before and after 
the coolers. When the temperature differential for operating 
the cooler is not sufficient, the cooler should be bypassed and 
cleaned. The cooler should be cleaned periodically; remove the 
tube bundle and boil it in a 10 per cent solution of tri-sodium 
phosphate (which is an emulsifying agent) until the sludge 
settled in the tube bundle is removed and softened. Then blow 
the bundle out with compressed air to remove traces of softened 
material. 

The oil in the circulating system should not contain more than 
0.75 per cent suspended solids. The solids content can be reduced 
in a centrifuge to about 0.15 per cent, and the water content to 
less than 0.1 per cent moisture. For centrifuging, the oil should 
be heated first to 140 to 160 degrees Fahr., with a relatively low- 
temperature element. The oil heater should not be of the in- 
stantaneous type, for the element in this heater is so hot that 
there is danger of breaking down the oil, causing carbon de- 
posits around the heater, which insulates the heater and causes 
it eventually to burn out. 

When the engine is dismantled, check the oil distribution lines. 
Check also the link mechanism of the force feed lubricator for 
wear and replace worn parts if any. Also check the lubricating 
pump for rate of discharge. 


Waste Heat Equipment 


The cooling water should be maintained soft enough to pre- 
vent calcium and magnesium salts from depositing on the surface 
of the water jackets. The engine cooling water jackets should be 
inspected periodically for scale deposits. If there are heavy de- 
posits, correct the water conditions to prevent further deposits. 
Excessive deposits overheat engine parts as a result of lowering 
the heat transfer rate. It is preferable to use a closed system 
of water cooling; for in the open system using evaporation by 
cooling tower, deposits are built up. When a closed cooling sys- 
tem is used, the return water to the engines can be kept between 
90 and 100 degrees Fahr. and the water discharged from the 
engine jackets should not exceed 160 degrees Fahr. Periodically 
check the water pumps, water jackets and cooling facilities of 
the cooling water system. 

All or part of the waste heat from the engine jacket cooling 
water can be recovered for use in the water heating system of 
the building spaces and digestion tanks. This heat recovery saves 
coal or oil fuel which would otherwise be required to supply 
the heating system. In a four-cycle slow-speed gas engine of 
about 90-horsepower capacity, for example, operating under full 
load, the heat content of gas fuel is applied as follows: 25.5 
per cent in useful work, 3.5 per cent in radiation, 33.5 per cent 
in jacket cooling water, 37.5 per cent in exhaust and friction. 
Practically all of the 33.5 per cent of heat going to the jacket 
cooling water can be recovered in a hot water heating system. 

It is recommended to have the cooling water enter the engine 
jacket at between 110 and 130 degrees Fahr. and have it leave 
the engine at between 140 and 160 degrees Fahr. To effect effi- 
cient cooling of the engine, about 3,300 British thermal units 
must be removed from the engine jacket water per brake horse- 
power per hour. In passing the engine jacket water through the 
heating coils of the digester, therefore, this amount of- heat 
must be extracted from them both winter and summer; if not all 
of this amount of heat can be extracted from the so-called water 
cooler in the digester, (that is, the digester heating system), part 
of the jacket water has to be circulated through a separate water 
cooler, as for example during the summer season, to obtain the 
required cooling effect. . 

The heat that can be removed from the jacket water of a 90- 
horsepower engine under full load is 297,000 British thermal units 

er hour. For a 30-degree Fahr. temperature rise the amount of 
jacket cooling water required is 1,190 gallons per hour. Cooling 
of the water is effected in the digester heating system or in some 
other way, and a circulating pump of at least, 1,190-gallons-per- 
hour capacity is needed to effect positive circulation of water. 
There should be a vented surge tank at the high point of the 
jacket water system, placed just ahead of the circulating pump 
or between the engine outlet and the cooler. There should be a 
thermometer at the cold water inlet and at the hot water outlet. 


Waste Heat Boiler 


In some gas engine installations the exhaust gases are ex- 
hausted to the atmosphere by way of exhaust silencers and waste 
heat boilers. If a waste heat boiler is used to extract enough heat 
from the exhaust gases to cool them from 900 degrees Fahr., to 
300 degrees Fahr., and a high boiler water temperature is de- 
sired to guard against possible condensation and corrosion, the 
jacket cooling water of the engine may be pumped into the 
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boiler after preheated to 140 degrees Fahr. The waste heat 
boiler acts as a silencer for the engine, and if there is a by-pass 
around the waste gas boiler, it should have an exhaust silencer. 

The waste heat boiler requires great care in operation. Water 
must not be permitted to condense on the gas side of the tubes 
if maintenance costs are to be kept low. Condensate forming on 
the gas side of the boiler tubes results in rapid corrosion and 
tube failure. When waste heat or exhaust gas boilers are not in 
use, they should be disconnected completely, for valves used in 
exhaust gas lines do not seat tightly and the gases filtering into 
the boiler corrode the gas side of the tubes due to deposit of con- 
densate. 

Condensation of water on the gas side*of tubes, due to cold 
boilers, can be prevented by generating steam in the boiler and 
converting it to heating uses; or by heating water in the boiler 
and controlling its flow in such a manner that the temperature 
of the water will not drop below 180 degrees Fahr. At points 
where radiated heat will affect the operation of engine devices, 
the exhaust gas Ines should be kept insulated. The heat radiated 
from the eingine, which is about 3.5 per cent, cannot be trans- 
ferred to the hot water heating system; this radiation helps cut 
down the heating load by heating the engine room partially. 



































































































No. of Hp. 
Year Location Units Per Unit Driving 
1926 Plainfield, New Jersey........ 2 15 Blower 
1928 Charlotte, North Carolina.... l 225 Blower 
Charlotte, North Carolina..... 1 75 Pump 
1930 Rockville Centre, New York... 1 30 Blower 
San Bernardino, California.... 1 40 Generator 
1932 Rockville Centre, New York... 1 60 Blower 
Springfield, Illinois ........... | 180 Blower 
1933 Fort Atkinson, Wisconsin..... 1 40 Generator 
1934 Springfield, Illinois ........... 1 157 BlL.&Gen. 
Menominee Falls, Wisconsin... 1 is Generator 
1935 Ann Arbor, Michigan........ : 120 Blower 

Burlington, Wisconsin ........ le 15 Generator 
Cedar Rapids, Iowa........... I 210 Generator 
Durham, North Carolina...... : 150 Generator 
Greencastle, Indiana ........ ; 1 50 Blower 
Los Angeles County, California 1 200 Pump 
Madison, Wisconsin .......... 1 230 Blower 
Monroe, Michigan ............ 1 25 Pump 
Ontario, California ........... 1 40 Blower 
Palo Alto, California ........ 1 10 Generator 
Th PD. scccaseoeseedens 1 535 Blower 
Peoria, Illinois ...... coccccccese | 300 Blower 
tt it op terhnsaasdves ies 1 300 Pump 
SD chuegebs eu eene eds 1 225 Generator 

1936-37 Atlanta, Georgia .............. 

Intrenchment Creek ........ 2 120 Generator 

CPE inate tehecenvensusten 2 180 Generator 
MUTOTR, THIMOED cccsccccccccess 2 75 Pump 
Battle Creek, Michigan........ 1 50 Pump 
Cheboygan, Michigan ......... 2 120 Pump 
Davenport, TOWM .....ceceseess 1 75 Pump 
EPUVGMOCE, BOWE. cocccccvcceces 1 75 Generator 
District of Columbia.......... ! 1200 Generator 
DD cedepanusdeecewe 1 30 Generator 
Edwardsville, Illinois ......... 1 15 Generator 
pC a are 1 30 Generator 
Grand Rapids, Michigan....... 1 no Generator 
Green Bay, Wisconsin ........ 1 120 Generator 
Green Bay, Wisconsin ........ 1 90 Generator 
Hutchinson, Kansas .......... 1 90 Generator 
Janesville, Wisconsin ......... 1 30 Generator 
Kewanee, Illinois .........../. 1 30 Generator 
Kokomo, Indiana ........... <al 5 Generator 
La Crosse, Wisconsin ......... 2 90 Generator 
BA DOUG, WOME ccc cccccces 1 27 Generator 
Litchfield, Illinois ............. 1 30 Generator 
Madison, Wisconsin .......... 1 230 Generator 
Michigan City, Indiana........ 1 75 Blower 
Monroe, Wisconsin ....... a ce 30 Generator 
New York, New York— 

CO Eee 3 300 Generator 
Oshkosh, Wisconsin .......... 2 160 Generator 
Richmond, Indiana ........... 1 120 Blower 
State College, Pennsylvania... 1 15 Generator 
| PD cc awenkevnse $a 2 180 Blower 
a Ne dcu'cte wena 1 75 Pump 

1938 Albuquerque, New Mexico..... 1 150 Generator 
Cedar Rapids, Iowa ......... 1 100 Pump 
Chicago Heights, Illinois...... 1 100 Blower 
Crawfordsville, Indiana ....... 1 44 Blower 
eo a Eee 3 750 Generator 
EENOs SEER icccnccsucees 1 364 Generator 
"eee 1 90 Blower 
Fort Dodge, Iowa ............ 1 275 Generator 
Greensboro, South Carolina.. 2 160 Generator 
Lake Charles, Louisiana....... 1 50 Blower 
Lansing, Michigan ........... 1 240 Blower 
Michigan City, Indiana ....... 1 74 Generator 
Newcastle, Indiana ........... 1 45 Blower 
Ph Mn: oaveceeseakteuce 2 40 Blower 
POGUE, CORONMED coccccccncces 3 75 Pump 
Ween SE Son scbecsccccese 1 15 Pump 

1939 Carlsbad, New Mexico........ 2 50 Pump 
Crawfordsville, Wisconsin .... 1 44 Pump 
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The dewpoint, or the temperature at which cond 
the cooling surfaces of the waste heat boiler begins, ; 
degrees Fahr. As the gas contacts the boiler surface 





Nsation op 
S about 139 


’ there is a 


sudden drop in temperature; therefore the exhaust gases can 
cooled only to that temperature where they will leave the boi 


without condensation. The inlet temperature of the bo 
should not be less than 130 degrees Fahr.; and a safe 
temperature of the exhaust gas is 300 degrees Fahr. 


Minimum 


If feed water is not available at 130 degrees Fahr., the waste 


heat boiler may be used to generate low-pressure stea 
passed to an independent tubular heater, the conden 
ing to the waste heat boiler generally well above 
Fahr, 


Excess sludge gas, 


m which is 


Sate returp. 
; > 130 degrees 
that is not used in the gas engine, cay 


be fired in a gas boiler to supplement the w 


aste heat recoy. 
boiler. 


Exhaust gases from a 4-cycle gas engine having water-cooled 


exhaust manifold, have a temperature of 800 to 


900 degrees 


Fahr.; and exhaust gases from a two-cycle gas engine have a 
temperature of 300 to 500 degrees Fahr. A 90-horsepower four. 
cycle engine will produce about 1,130 pounds of exhaust gas 

hour at full load, from which at least 150,000 British thermal 


SLUDGE GAS ENGINE INSTALLATIONS IN THE UNITED STATES 


Year 


1940 


1941 


1942 


1944-45 


units can be recovered per hour. 


Location 
Escanaba, Michigan 
PEGG, BO BOP Mscccccccscecs 
Kenosha, Wisconsin 
Manitowoc, Wisconsin 
Manitowoc, Wisconsin 
Medford, Wisconsin 
Menominee, Michigan 
Midland, Michigan 
New York, New York— 

Tallmans Island 

Tallmans Island 

Tallmans Island 

Tallmans Island 
Rock Island, Illinois 
Rock Island, Illinois 
Rock Island, Illinois 
Two Rivers, Wisconsin........ 
Two Rivers, Wisconsin........ 
Wausau, Wisconsin 
Wausau, Wisconsin 
Wausau, Wisconsin 
Adrian, Michigan 
Ph Me cconctécoseseses 
Belleville, Illinois ........ . ne 
Butler, Pennsylvania 
Cedar Rapids, Iowa........... 
Cleveland, Ohio 
Fort Wayne, Indiana.......... 
Galesburg, Illinois 
Gary, Indiana 
Gary, Indiana 
Greenville, South Carolina..... 
Marion, Indiana 
Marion, Indiana 
Metairie, Louisiana 
New York, New York— 

Jamaica 

Coney Island 
i, SU Eee 
Pontiac, Michigan 
Quincy, Tlinois 
Shawano, Wisconsin 
Sharon, Pennsylvania 
South St. Paul, Minnesota.... 
Springfield, Missouri 
Stevens Point, Wisconsin...... 
Wisconsin Rapids, Wisconsin. 
Carbondale, Illinois ........... 
New Iberia, Louisiana 
New York, New York— 

Bowery Bay 
Rahway, New Jersey.......... 
San Angelo, Texas ........... 
San Dimos, California......... 
Wee. BE Rives cde éecees 


Columbus, Ohio 
pe 
Leesville, Louisiana 
Los Angeles County, California 
San Leandro, California....... 
Toledo, Ohio 
Toledo, Ohio 
Battle Creek, Michigan........ 
Fort Huacho, Arizona......... 
Fort Huacho, Arizona......... 
Muncie, Indiana 
New York, New York— 
26th Ward—Under contract. 
Owls Head—Under design... 
Newtown Creek—Under de- 
ere bi diab indenens 
Hunt’s Point—Under design. 
Hunt’s Point—Under design. 


eee ween 


No. of Hp. 
Units Per Unit 
1 40 
1 50 
2 75 
1 75 
1 35 
1 15 
1 19 
1 15 
2 800 
2 450 
2 350 
2 150 
5 125 
1 75 
2 75 
1 43 
1 40 
1 75 
1 50 
1 50 
1 45 
2 50 
1 100 
1 80 
1 100 
2 390 
1 450 
1 40 
3 175 
2 300 
2 225 
2 75 
1 50 
1 50 
3 1450 
3 920 
1 45 
1 150 
2 44 
1 35 
2 80 
1 125 
2 198 
1 75 
1 75 
1 28 
1 36 
2 800 
2 50 
1 20 
1 250 
1 1200 
3 775 
2 210 
1 40 
2 110 
1 110 
1 310 
1 180 
1 50 
3 1000 
1 750 
1 50 
3 1300 
6 1250 
5 1450 
2 920 
2 920 
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HE sewage treatment and garbage disposal plant at Marion, 
Ind., was put in operation in July of 1940. The plant is of 
the activated sludge type with separate sludge digestion. Two 
on tanks, each 65 ft. in diameter and equipped with Pacific 
Flush Tank Co. floating covers, provide a total digestion capacity 
§ 167,000 cu. ft. With the exception of one district in the 
southern part of the city, which is served by a pumping station, 
all the sewage flows to the plant by gravity. The present resi- 
dent population of the city is 30,000, and the average sewage 
yolume pumped in 1943 was 3.82 mgd. : 
The power requirements of the plant fall under the following 
four general heads: (1) pumping of the raw sewage, a lift of 
33 ft. from the wet well to the grit channel, (2) providing com- 
pressed air for the activated sludge plant, (3) operation of 
vacuum filter equipment for removal of digested sludge, and 
(4) many small motors driving sludge collectors, comminutors, 
water pumps, sludge pumps, water circulating pumps, etc. The 
average electric power consumption was 14,990 kwhr. per month 


in 1943. 





digest! 
















Power Plant 

Three Climax “Blue Streak” gas engines have been in service 
since the plant was first started about four years ago. Two of 
these engines, rated at 75 horsepower, are direct connected to 
1800 cfm. Roots Connersville blowers, and the third, rated at 
50 horsepower, is direct connected to a 4000 gal. per min. Chi- 
cago sewage pump. we 

Gas production, augmented by the addition of ground garbage 
to the sewage sludge digesters, has been sufficient to furnish 
heat for all the buildings and digestion tanks and, at the same 
time, provide through the means of the gas engines 73 per cent 
of the total power requirement of the 
plant. Natural gas, purchased from the 
private utility company as a_ stand-by 
fuel, is piped to each of the three gas 
engines. By simply turning two valves 
and adjusting one carburetor screw, the 
fuel supply may be changed from sewage 
gas to the 1000 Btu. natural gas, and 
vice versa. 

Heat from the engine cooling jackets 
and from the exhaust gases is recovered 
by heat exchangers and used for heating 
the digesters and plant buildings. Two 
cooling coils submerged in the aeration 
tanks provide cooling water temperature 
control in the summer, when excess heat 
must be dissipated. All three of the 
engines are protected by automatic shut- 
off switches which operate on low oil 
pressure and/or high water temperature. 
Automatically controlled signal horns are 
located in strategic parts of the buildings 
to warn the plant operators when either 
of these conditions exist. Electrically 
driven stand-by pumping equipment, auto- 
matically controlled from float switches, 
is provided for emergency use in case 
the gas engine unit develops mechanical 
trouble. 

















Engine Performance 





Inasmuch as the pump engine has op- 
erated a greater number of hours than 
either of the blower engines? its perform- 
ance record will be reviewed in some de- 
tail first. This engine has pumped more 
than 99 per cent of the sewage treated at 
the plant to dafe. It is a four-cylinder 
Climax engine, having a ‘six-inch bore 
and seven-inch stroke with a total piston 
displacement of 792 cu. in. The engine 
has a rated horsepower of 57.6 with a 
maximum horsepower of 100 at top speed 
of 1000 rpm. The crankcase has a ca- 








GAS ENGINE PERFORMANCE 


Accomplishments at Marion, Ind. 


_ pacity of sixteen gallons. 


50-HP. Climax Engine Direct Connected to Chicago Sewage Pump 


By DAVID BACKMEYER “ 
Supt., Sewage Treatment Works, Marion, Ind. 


Since sewage gas is relatively dry 
hydrocarbon fuel, a Marvel Mystery inverse oiler is installed 
to lubricate the upper end of the valve guides and the top edge 
of the pistons. An industrial oil of S.A.E. No. 35 has been used 
exclusively in the crankcase. This oil costs 5lc per gallon and 
is purchased from the Gulf Oil Co. A Honan-Crane continuous 
type oil filter keeps the oil clean and clear at all times. A Gulf 
Oil product known as Gem Oil “C” is bought at 42c per gallon 
and has been found td be very satisfactory for use in the inverse 
top oiler. 


Driving the pump by direct connection, the speed of the engine 
is governed by a float in the raw sewage wet well. Its operation 
at different speeds for varying sewage flows is, therefore, prac- 
tically automatic. Since the pump is most efficient at discharge 
rates close to 4000 gal. per minute, the engine is capable -of 
handling peak flows at times as high as 6.0 mgd. 


Maintenance Practice 


A maintenance policy, based upon regular periodic inspections 
of the engines, has been followed. The length of time an engine 
is operated prior to dismantling and servicing depends upon the 
condition of the engine after a certain number of hours of con- 
tinuous operation. Our pump engine was first operated for 8830 
hours before it was shut down for overhauling. This period was 
found to be too long. The piston tops and engine heads were 
badly carboned; the compression rings were stuck and the oil 
rings were in such bad condition that they could not possibly 
function properly. The next inspection was, therefore, made 
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Muffler and. Two Heat Exchangers for Recovery of Gas 


after a continuous run of only 5130 hours. This inspection found 
the engine in much better condition. The rings were heavily 
carboned, but were still free and not frozen tight in the grooves 
as was the case at the time of the previous overhauling. The 
third overhaul was made after another run of 4310 hours, the 
fourth after 4720 hours, and the fifth after a run of 5530 hours. 
It has never been necessary to make a major repair of any kind 
on this engine in between our regular servicing periods. 

To dismantle the small 50-hp. engine and thoroughly overhaul 
and inspect it requires about 36 man-hours’ labor. This work 
is done by our-own plant operators and, in most cases, the engine 
is not shut down for more than 48 hours when the work is 
being done. The three engines are insured against mechanical 


failure of parts while in operation. Thi 
insurance covers labor and parts needed 
for replacement in case of mechanical 
breakdown. The insurance company sends 
a trained inspection engineer to the plant 
to look over the engine each time it jg 
serviced. In accordance with the terms of 
the insurance contract, recommendations of 
the inspector as to maintenance policies are 
carried out by the insured. The insurance 
cost for the pump engine is $53 per year 
We believe this expense is not out of line 
with the service and protection rendered, 


Typical Inspection Report 


The following inspection report, made 
on January 6, 1944, is typical and will 
give an idea as to what repairs were needed 
to put the engine in first-class mechanical 
condition after a run of 5330 hours and a 
total operation period of 28,544 hours: 
Engine shut down and completely dis. 
mantled for overhauling. Very little car- 
bon found on piston tops and in heads. 
Engine could have run another month, as 
all piston rings were free, although oil 
rings were showing signs of sticking. Al] 
three main bearings were opened and one 
0.003-inch shim was removed from each 
side. Rod bearings were carefully inspected 
and found to be in good condition. All 
piston rings were replaced by new rings 
(std. 6-in. by %-in. rings used) and all valve springs were re 
placed by new springs. All valves were replaced by valves that 
had been re-faced by machining. New valve-seat insert sleeves 
were put in both intake and exhaust for the first time. All con- 
necting rod bolts were replaced with new bolts (per recommend- 
ation of insurance company) as the old bolts had seen more 
than 25,000 hours of operation. No. 1 cylinder wall showed 
slight “score” mark from cause unknown. Other three cylinder 
walls in good shape. Cylinder walls were “miked” for wear as 
follows: 


Engine Heat 


2-in. down 4-in. down 7-in. down bottom 

Cylinder No.1 ..... 0.0055 0.0033 0.0020 0.000 
i: Sagagaie 0.0079 0.0060 0.0039 0.000 

- seen 0.0050 0.0031 0.0021 0.000 

- -4¢nan 0.0055 0.0040 0.0021 0.000 





Power House, Marion, Ind., Sewage Treatment Works 
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(Twin 75-HP. Climax Gas Engines Direct Connected to 1800 cfm. Roots-Connersville Blowers) 
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Spark plugs were cleaned and adjusted, 
nd a complete set of new gaskets were 
in assembling engine. Crankcase 


oad and flushed—very little sludge 


found in bottom. New earth cartridge put 
in Cranite filter, and crankcase filled with 
new oil. Oil consumption was a little less 
than one quart per day when engine was 
shut down for inspection. Oil is used as 
long as 6000 hours and Cranite filter is 
changed at 2500 hours. . 

All of our “Blue Streak” engines are 
provided with dual ignition systems. Amer- 
ican Bosch magnetos are furnished for 
both the four- and six-cylinder engines. 
During the first year of operation we had 
considerable trouble with our magnetos. 
Only in a very few instances would these 
units stay on duty for a continuous run of 
9) days. Repair costs were quite high, as 
gear-rotor assemblies were usually needed 
when an overhauling job was done. At the 
suggestion of the local American Bosch 
service headquarters, we purchased one 
utility magneto for the four-cylinder engine 
and one for the two six-cylinder engines. 
We were then able to remove magnetos at 
regular intervals of sixty days and main- 
tain a strict servicing schedule. Our rec- 
ords show that from August, 1940, to May, 








1944, the maintenance cost of the three 
magnetos used on the pump engine was 
$207.93, fifty per cent of which was for 
labor. This gives an average monthly cost 
of $4.84 for the 43 months operated. The total maintenance cost 
for the five magnetos used on the larger engines was $293.97, 
fifty per cent of this total also being for labor. These engines 
have collectively operated 58 months, giving average monthly 
cost of $5.05. ’ ‘ 


Dollar Savings 


In preparing an estimate of the dollar savings effected by the 
pump engine, as compared to electrically powered equipment, an 
operation period of 31,238 hours ending March 31, 1944, was 
used. The maintenance cost for a seven-month operation period 
from August, 1941, to March, 1942, was as follows: 





tC Mics iced ees teense senses ee chasbarsann 
Top oil for valves—90 qts..... shat Se ila ee wie se an lal levine ae ' ao 00 
oo ch ae ais 2s a aK Rea ee ae hale .50 
De WE ccccccnccssss seca 8 aR Dire os aa a oate le ele a 1.60 
i i oS hl Celta Saag eal cp ais Ga RSS 11.00 
a a ia asd wo gal ar we wea ee alee ew SR ee 35.00 
a no has a olen widen ee abe eepede 3.00 
Hose and gaskets............ Fe team india aleartiin aia ar Cee 5.00 
re eB ive < diene see am eh tae eames 6.40 
ee cea ada dws ceeees sen ganet 5.20 
Extra labor—garage mechanic...................0-eeeeeeees 16.00 
ee WE chee cu handnctwesdeveecveeescendeade 31.00 
BE SAnde cde ePa da dhaee deed bactaueenakucbeindeentenceawe $154.23 


_To completely overhaul this engine in January, 1944, as pre- 
viously described, cost a total of $180.15, including insurance 
charge. Therefore it would be fair to assume the maintenance 
cost for an average year to be $286.60. (Note—No charge is 
made for gas purchased from the utility company since this 
item is more than offset by the value of the heat recovered from 
the engines. ) 

The electric utility company agreed to furnish current to the 
plant at the rate of 1.16c per kwhr., provided the plant was made 
“all electric” and that no gas engines were installed. To duplicate 
the work done by the gas engine in pumping the raw sewage 
would require an estimated 191,000 kwhr. in a twelve-month year. 
This amount of current would cost $2215.60 at the best electric 
rates available. The net saving for the pump engine in one year’s 
time is, therefore, $1929.60. 

The two larger engines (rated at 75 hp.) driving the air 
blowers have operated just a8 efficiently as has the smaller engine. 
The record of their maintenance cost is parallel to that of the 
50-hp. engine in all respects. Due to the variance of the B.O.D. 
load handled at the plant during the prolonged rainy periods, 
two blowers are not needed throughout the entire year. Our 
operation record shows that the blower engines were operated 
singly for 77 per cent of the time and together 23 per cent of 
the time during an average year. The average maintenance ex- 
pense, based on a 5930-hour operation year, for the No. 3 engine 
amounted to $245.76. The No. 4 engine ran a few less hours, 
but, since it required the same number of servicings, the cost 

































Final Settling Tanks, Marion, Ind. (Aeration Tanks on Right) 


is also figured at $245.76. The total cost for the blower engines 
is, therefore, $491.52. 

To duplicate the work done by the blower engines in one year 
would have required an estimated 546,000 kwhr. of electric cur- 
rent. This electricity would have cost $6333.60. The actual 
savings accomplished by the two engines in furnishing all the 
air for the activated plant is, therefore, $5842.08. In one year’s 
time the three engines have earned a total of $7771.68. In four 
years’ operation time they will have earned $31,086.72. It is 
obvious that Marion’s city officials made a wise choice in choos- 
ing gas engines in preference to electric powered equipment when 
the plant was being designed. 


Some Suggestions 


Before concluding, consideration should be given to a few of 
the mechanical devices and design features that have helped to 
make our gas engine operation experience a pleasant one to date. 
Following are some of the more important items: 

(1) Engines located in building that has ample ventilation. 

(2) Plenty of working space around engines so that disman- 
tling is an easy job for the operator. 

(3) Provide a tool room and workshop, with cabinet space for 
stocking replacement parts. 

(4) Provide control signals to warn operators when engines 
are in trouble. 

(5) Have a reliable source of .stand-by fuel so that engines 
can be kept in operation continuously. 

(6) Install heat recovery facilities of sufficient size so that 
engine temperatures may be kept constant by automatically con- 
trolled valves. 

(7) Provide oil filters to keep lubrication at highest possible 
efficiency. 

(8) Have sufficient number of thermometers located in water 
circulation system so operators can easily check temperature con- 
ditions. 

(9) Wherever possible, provide duplicate engine-driven equip- 
ment for emergency use. 

(10) Speed of pump engine should be controlled automatically 
by float tube from sewage well. 

Although no definite post-war plans for further gas engine 
facilities have been drawn up as yet, it is entirely possible that 
the Marion plant may be entirely free from all outside power 
sources at some future date. Sewage gas production approaches 
the 90,000 cu. ft. per day mark in the summer months, when 
considerable garbage is being digested. Some days as much as 
25,000 cu. ft. of gas is actually wasted. This would point to 
engine-generator sets being installed with purchased utility gas 
filling in when sewage gas production does not meet the require- 
ments of the engines. Further operation economies would un- 
doubtedly be accomplished if such a procedure were properly 
worked out. 
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JOSAM MANUFACTURING COMPANY 


Main Executive and Sales Offices Manufacturing Division 
320 Empire Bldg., Cleveland 14, Ohio Michigan City, Indiana 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 
JOSAM-PACIFIC CO. ot 


reg 
WEST COAST DISTRIBUTORS 


cep 
rea 
765 FOLSOM STREET : SAN FRANCISCO, CALIFORNI,g 





SEWER VALVE Series 1170 = 
Flap is normally open 34” to allow continuous circu- gr 


lation. Can be adjusted to closed seat type if desired. 

; , ; 2 , " i 1 col 
Inside of valve is offset 4” to prevent fouling. Flap FLAP VALVE Series 1100/ go 
closes tightly with slightest backflow, preventing entry When placed at the discharge end of sewer pipes, the at 
of any backwater sewage thru the drain lines. Josam Flap Valve is an absolute safeguard against the so 
Supersensitive side swing flap opens wide to permit backflow of sewage. In sewer lines it can be placed 
at the manhole. It will also serve as a sluice, river or 
tide water outlet and can be used between settling 
designed. basins in sewage disposal plants. 
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SHOCK ABSORBERS for 
Water Supply Pipe Lines 





To eliminate disturbing noises and ™ 
overcome destructive pounding of 
GREASE INTERCEPTOR water hammer in pipe lines. Espe- GAS-OIL INTERCEPTOR 
cially desirable where quiet is es- - 
The Josam Cascade Grease Inter- sential. Prevents breakdown of The Josam Gas-Oil Interceptor 
ceptor provides maximum grease in- pumps, valves, connections, machin- eliminates dangerous volatile : Be 
terception and retention for all ery and equipment. liquids from waste water or drain- M 
types of installations. Grease is re age systems, and safely ejects them. 
moved before it clogs drain lines, Prevents fire, explosion and water 
regardless of the temperature of pollution. Provides maximum inter- Ww 
the water. Made in types and sizes yar? ception efficiency. Made in a wide di 
for any requirement. EE range of types and sizes, al 
OF AMERICA m 


| AERA <2 =: : 
WRITE FOR INFORMATION AND LITERATURE ON THESE JOSAM PRODUCTS: se 


Original Double Drainage Floor, Roof and Shower Drains @ Genuine Non-Clog Triple Drainage Floor W 








Drains ® Backwater Sewer Valves ® Interceptors ® Shock Absorbers for Pipe Lines Bi 
® Moderator Mixing Valves for Showers © Swimming Pool Equipment. 













THERE ARE NO SUBSTITUTES FOR JOSAM PRODUCTS 
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DESIGN AND OPERATION OF GREASE INTERCEPTORS* 
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By F. M. DAWSON and A. A. KALINSKE 
lowa Institute of Hydraulic Research 


REASE interceptors (or “grease traps” as they are some- 

times called) have been used in plumbing drainage systems 
for many years. They are frequently required by plumbing 
regulations, especially for restaurants. In general, such inter- 
ceptors have been used for one or for all of the following 
reasons: (1) To prevent clogging of waste _lines with grease, 
(2) to prevent large quantities of grease trom reaching the 
sewage disposal works, (3) to facilitate the reclaiming of grease 
hecause of its economic value. Phe latter reason is, of course, 
at present a very important one tor intercepting all waste grease 
and fats. The separation of gasoline and oils from waste water 
js also accomplished by use of a similar type fixture installed 
in the plumbing system; this paper, however, will be concerned 
primarily with grease interceptors. , 

The grease interceptors used at present are for the most part 
commercial products of various patented designs constructed of 
cast-iron (ceramic models have been used during the war). If 
properly installed and serviced, they do a fair job of preventing 
fats and grease from getting into the sewerage system. Proper 
installation and servicing, however, is usually the exception. To 
perform its job properly an interceptor should be installed as 
close to the fixture discharging greasy wastes as possible, and 
should be so designed and installed as to be easily cleaned. The 
less mixing and emulsifying there is, the easier the grease will 
separate from the waste water. Also the possibility of clogging 
the drain lines between the fixtures and the interceptor will be 
prevented if the interceptor is installed near the fixture. 

Up until a few years ago the use of grease interceptors, espe- 
cially in domestic installations, has in general not been overly 
successful. The interceptors were too small to handle adequately 
the rate of flow, and the owners did not properly remove the 
grease which had been collected in the interceptor. If, however, 
it is desired to separate the grease from the waste water in as 
complete a manner as possible and also to have the grease in 
good condition, an interceptor of the proper size installed right 
at the fixture which discharges greasy waste water is the best 
solution to the whole problem of grease removal. 


Design Principles : , 


A great many types of commercial grease interceptors are 
and have been on the market and with them many “home-made” 
designs. The basic principle of grease interception, however, in 
all such designs is that of gravity-differential separation. That 
is, the liquid greases and fats separate from the waste water in 
the interceptor, when the velocity of flow is reduced, owing to 
the difference in specific gravity. 

Gravity-differential separators for liquids are used in many 
commercial processes, such as, for instance, in the petroleum 
industry. Of course, so far as grease interceptors are concerned, 
the problem is complicated by the fact that rarely is it a case 
of separating pure grease from water. The presence of soaps 
and food particles increases the difficulty of separation. Of 
interest in connection with grease-interceptor design is the con- 
gealing temperatures and approximate specific gravity of various 
common fats listed in Table A. 


TABLE A 


Congealing 


Type of Fat Temp. °F. Specific Gravity 
I i es Sahn pee 76-67 0.91 
 & Aer rr 88-85 0.90 
Pn Sr ic casagerccdncsankone 106-97 0.94 
Ee ee rer 86-81 0.91 


If the interceptor is installed in a kitchen, the temperature 
will usually be between 80° F. and 90° F. In any case, the 
discharge of hot water through the interceptor will heat it up, 
and the time required for passage of greasy wastes through an 
interceptor will usually not permit congealing to occur. In other 
words, separation must occur with the grease in a liquid state. 
Because of the short time it takes for liquids to pass through, 
cooling interceptors by the use of water jackets is of no con- 
sequence, and such interceptors should not be installed because 
of the danger of having made a direct connection from the pure- 
water lines to the interceptor, thus producing a potentially dan- 
gerous cross-connection. 


*Presented at the Sixteenth Annual Meeting of the New York 
State Sewage Works Association, New York City, Jan. 21, 1944. 
Reprinted from Sewage Works Journal by permission of the 
editor 





Since grease separation is due to gravity-differential, a quan- 
titative analysis of what occurs as waste water flows through an 
interceptor may lead to the establishment of some basic design 
data. For simplicity let us assume that pure grease and water 
enter near the bottom of a rectangular-shaped interceptor L feet 
long, B feet wide, and with a water depth of D feet. The in- 
terceptor will do a good job of separation if, as the flow goes 
through the interceptor, the mean velocity of flow is such as to 
permit a grease globule to rise a vertical distance D feet in a 
length of L feet. If we neglect, for a moment, the presence of 
turbulence we see that the controlling item in the sizing of the 
interceptor for any particular rate of flow is the rate of rise 
of the grease globules. If the size of the globules is known, the 
maximum velocity of rise can be calculated readily from known 
principles of fluid mechanics, by equating the buoyant force on 
a globule to the force of fluid resistance. An expression for the 
terminal velocity of a spherical grease globule is as follows: 


4d(w —w’')g 
oe 3Cw 


where d is the diameter of the globe, w and w’ the unit weights 
of water and grease respectively, and C a fluid-resistance coeffi- 
cient, which in texts on fluid mechanics is given as a function 
of the Reynolds number, which for the globule is vd/, where 
v is the kinematic viscosity of the water, and 7 the velocity of 
rise of the globule. 

Obviously, the size of the grease globules is an important 
item. Observations and certain analyses indicate that the design 
of interceptors should be based on separating out globules of 
about 0.05 cm. The rate of rise of globules much less than this 
size is so ‘small that gravitational separation is impracticable, 
and globules much larger than this will be easily separated. 
Taking a grease having a specific gravity of 0.90 and the water 
temperature as 150° F., the rate of rise (v in Eq. 1) of a 0.05 
cm. globule is about 0.05 ft. per sec. For a globule of this size 
the time to rise a vertical distance D is D/0.05, and this should 
be equal to‘the time of flow for a distance L, which can be 
expressed as L/V, where V is thé mean velocity of flow through 
the interceptor. We thus have: 

0.05L 
v=— (Eq. 2) 
; D 

In most commercial interceptors of rectangular shape, the length 
is from 1.5 to 2 times the water depth. In that case, according 
to Eq. (2), the mean water velocity through the interceptor can 
thus be about 0.08 to 0.10 ft. per sec. Because it is impossible to 
secure uniform velocity distribution, however, and owing to 
the presence of some turbulence, the design value of V should 
not be over one-half of that given by Eq. (2). Modern com- 
mercial interceptors having good efficiency check this value of V 
fairly . well. 

In all interceptors, the separated grease accumulates in the 
top of the device and must be removed manually. Naturally, as 
the grease accumulates, the water-flow cross section decreases 
and the efficiency of the interceptor soon begins to drop. Some 
type of baffling is usually necessary and helpful, especially near 
the inlet. Such an inlet baffle ordinarily has louvers which dis- 
tribute the flow and give it a gentle upward motion. Many 
baffles in the interceptor body, however, are undesirable since 
they induce turbulence. The outlet opening should, of course, be 
near the bottom at a point farthest from the inlet. Provision 
should be made for relieving air from the top of the interceptor 
which is brought down by the incoming flow. In general, to 
have settleable solids accumulate in a grease interceptor is 
undesirable. Our plumbing drainage and sewerage systems are 
designed to carry solids and there is no need of collecting them 
in a grease interceptor if it can be prevented. 

Probably one of the most important design features of a grease 
interceptor is provision for easy cleaning and removing of 
accumulated grease. If this is not done, the chances of the 
interceptor’s being properly serviced become remote. The inter- 
ceptor cover should be light and easily removable, and the grease- 
accumulation chamber should be free of baffles and partitions 
which would get in the way during cleaning. 


(Eq. 1) 





Sizes and Installation 

The determining item, so far as grease interceptor size is 
concerned, is the rate of flow from the fixture or fixtures to 
which the interceptor is connected. This, of course, requires a 
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knowledge of the rate of flow from various types of plumbing 
fixtures discharging greasy wastes. If several fixtures are con- 
nected to the same interceptor, then some estimate must be made 
of the probable simultaneous discharge. 

Considerable data have’ been collected on the discharge rate 
from various fixtures. In Table B is given the recommended 
minimum rate of flow capacity of any interceptor connected to 
the fixtures shown: 

TABLE B 


Rate of -— 


Type of Fixtures in G.P.} 
Small Residence or Apartment Sink.................000. 5.0 
Large Residence Sink or Dishwasher....... bs cova act heal ame” 
Restaurant Kitchen Sink............... aes 
Single Compartment Scullery Sink binadeae fannie pina el 20.0 
Double Compartment Scullery Sink............... ce oe 

Single Compartment Sinks..... ‘ : eee 25.0 
2 Double Compartment Sinks......... , aed ee 
Dishw: ishers for Restaurants: 

Om tO SO OR WROET GCRIMGCIET «66 oc iccecicsceciccas 15.0 
30 to 50 gal. water capacity........ ihre kced ahead 25.0 
Se Oe Be Oe, WHE GEE 6 6. cbc cess ccecevecsececcce 40.0 


In addition to its rate-of-flow capacity, a grease interceptor 
should be rated as to its accumulated-grease capacity. This is 
the amount of grease in pounds that the interceptor can hold 
before its average efficiency drops below, say, 90 per cent. 

The grease interceptor should be installed, as mentioned before, 
as near the fixtures as is practical, and its top should be easily 
accessible for cleaning. The discharge pipe from the interceptor 
should always be vented so as to prevent siphonage of the in- 
terceptor contents. This is quite important. 





Testing and Rating 


In order that interceptors may be properly rated as to capacity, 
a standard laboratory test is necessary. After years of experience 
in testing various types of interceptors, investigators have found 
that various results can be obtained by slight variation of the 
test procedure. Though field conditions cannot be duplicated in 
the laboratory, nevertheless the test procedure should have some 
relation to what the interceptor will experience in the field. A 
great many test methods have been tried in order to isolate the 
important items which affect interceptor efficiency. Thus, it has 
been found that the type and degree of mixing of the liquid 
grease and the hot water before discharging into the interceptor 
is an important item. The temperature of the grease and water 
and grease concentration did not have much effect on the results. 

About two years ago, the U. S. Army Engineers, Construction 
Branch, asked the lowa Institute of Hydraulic Research to test 
and rate each type of interceptor that was to be installed in the 
army cantonments. At that time a standard test was developed 
which has been used extensively and which seems to give reliable 
and consistent results. The apparatus used in the tests is shown 
in Fig. 1. 

The hot water for the tests is supplied from a 200-gallon 
gravity-feed tank which has water and steam connections for 
controlling water temperature. Below this tank is a calibrated 
“flow-control” valve, the setting of which determines the rate 
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Typical laboratory test data for a commercial 
grease interceptor. 
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Fig. 1.—Arrangement of apparatus for testing grease 
mterceptors in the laboratory. 







of flow. Below this valve is a quick-action valve, which permits 
quick starting or stopping of the flow. The hot water from the 
tank discharges into a mixing funnel into which hot grease is 
poured at a uniform rate during the flow of hot water. The 
mixing obtained is thus not subject to any manual control. The 
mixture then discharges into the interceptor. Beyond the inter- 
ceptor is a large tank from which the grease escaping the in- § 
terceptor can be caught and skimmed off. 

During the discharge of hot water, pure pork lard is added 
at a concentration of one pound for five gallons of water. This 
gives a grease concentration of about 2.4 per cent by weight 
The water and lard are at a temperature of 150° F. Before 
starting a run the interceptor is filled with water at 150° F. 

A run consists of discharging, at a selected rate of flow, the 
hot water and grease mixture at a number of two-minute periods 
After each two-minute period the grease leaving the interceptor 
is collected, de-watered, and weighed. For certain large inter- 
ceptors this collection of escaping grease is made only after 
two or three discharge periods. The discharging of the mixture 
of water and grease in two-minute periods is continued until 
the grease-retaining efficiency of the interceptor drops very ap 
preciably. The average efficiency is calculated as follows: 


(G,) 100 



























Efficiency = ————— ( Eq. 3) 





. 
G, 









+ = Total grease in pounds added to interceptor since stat 
of run. 

G, = The pounds of grease actually intercepted; this also equals 
Ge minus the total grease in pounds that left the inter- 
ceptor since the start of run. 

The foregoing value of efficiency is plotted against total greast 
in the interceptor, Gi. Thus it is possible to obtain the averagt 


















grease retaining efficiency of any interceptor from the time it 5§ 


clean to when a certain amount of grease. is accumulated. 
typical plotting of test data is shown in Fig. 2 

Authorities have agreed that the average efliclency for the rate 
of flow at which an interceptor is rated and for its specified] 
grease-retaining capacity should not drop below 90 per cent. Alsaj 
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it appeared desirable to have some relation between rate-of-flow 
and grease-retaining capacity. It appeared reasonable to have 
the grease-retaining capacity in pounds be at least equal to twice 
the rate-of-flow rating in gpm. Thus, an interceptor rated at 
25 gpm. must be able to retain at least 90 per cent of the grease 
discharged into it, in accordance with the above described test 
procedure, until it holds at least 50 lb. of grease. The majority 
of grease-interceptor manutacturers rate their products in ac- 
cordance with the above method of testing and rating. 


General Comments 


Reclamation of grease as near its source as possible is un- 
questionably the ideal solution to the problem of grease removal 
from sewage; however, many practical difficulties: hinder the 
working out of this solution in practice. Thus, for instance, the 
general use Of grease interceptors on residential kitchen sinks 
is of debatable significance. The small amounts of grease usually 
discharged in kitchen sinks are so mixed with soaps, washing 
compounds and food wastes that gravity separation in an 
interceptor is practically impossible, Of course, residential plumb- 
ing drains do get clogged with grease, which means, of course, 
that in certain instances large quantities of pure grease, not 
emulsified with soap, etc., are discharged into home sinks. In 
these cases interceptors would be advantageous. 

Of course, in the case of restaurant and commercial-type 
kitchens, the problem is different. Here, inasmuch as large quan- 
tities of pure grease and fats are discharged into the sinks, 
interceptors should always be installed on such fixtures. If, 


EXPANSION CHART* 


This chart is useful for determining the expansion in pipimy, 
rods, tubes, beams, shafts, columns, struts, etc., for any ordinary 
temperature difference. It makes “longhand figuring” unneces- 
sary. Simply lay a straight-edge across the chart once or stretch 
a fine black thread across, as indicated by the dotted line, and 
the problem is solved. 


Example: If a certain pipe line 100 ft. long is subjected to 
a temperature variation of 100 deg. F., what will be the total 
expansion in inches? 


Simply connect the 100 deg. temperature difference, column A, 
with the 100 ft. length, column C. The intersection with column 
B gives the answer as 0.8 in. That is all there is to it. 


The chart can also be used for determining the allowable 
temperature difference where a definite amount of space is 
available for expansion and contraction. Thus if the length of 
the pipe is 100 ft. and the allowable expansion is 0.8 in. the 
same line would show that a temperature difference of 100 deg. 
F. would be the limiting amount. 


*From an article by W. F. Schaphorst, M.E., Newark, N. J., in 
Water Works & SEWERAGE, March, 1939. 
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however, the important problem is that of reclaiming grease of 
high economic value, then it appears that a somewhat different 
arrangement might be desirable for establishments which have 
significant amounts of waste grease. In such cases the better 
procedure would seem to be to have a special fixture available 
which would be used only for discharging greasy wastes. In 
other words, all water containing grease and fats would be 
discharged into a special “separator” which would intercept the 
relatively pure grease and discharge the water to the sewer. No 
wash water or soap solutions would be discharged into this 
fixture. By following this plan much more and much better 
grease could be salvaged. On a small scale such a method might 
be used even in homes. However, the success of such grease- 
salvaging procedures would depend entirely on the public co- 
operation, and we question whether the American people are 
sufficiently imbued at present with the need for grease salvaging 
to carry out any such procedures very extensively. 

From certain information which we have been able to obtain, 
it appears that large quantities of grease are being collected from 
the interceptors installed in army camp kitchens. Since very 
few data on actual field operation of grease interceptors are 
available, it is hoped further definite information about the 
operation of these interceptors will be obtained as time goes on. 
These interceptors are of supposedly proper size, and if orders 
are obeyed they will receive frequent cleaning. Data on their 
functioning should give an indication as to whether our labora- 
tory testing and rating method is sound. There are good indica- 
tions that it is, but as always the final proof is “How does it 
actually perform in practice?” 
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WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus, 
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Newark 1, New Jersey 
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DISINFECTION OF SEWAGE 


The need for sewage disinfection cannot today be 
overlooked. \Vith increasing population the growing 
demands on water supplies necessitate using sources of 
supply hitherto considered unsuitable. The increasing 
popularity of swimming has led to the use of the most 
available bathing beaches, lakes and water courses. The 
national resentment against the pollution of streams and 
rivers is gaining momentum. All of these have cent- 
ered the attention of sanitarians on sewage treatment. 


\s a final measure of securing complete health protec- 





W&T Master Automatic Visible Vacuum Chlorinators. Stamford, Connecti- 
cut, Sewage Treatment Plant. 


W. W. & S. — REFERENCE & DaTA — 1945 





tion, sewage disinfection, with chlorine, is accepted 
practice. 


ODOR CONTROL 


The control of obnoxious odors from sewage treat- 
ment works, long outfall sewers and other disposal 
plant appurtenances is distinctly a field for chlorination, 
Neutralization of hydrogen sulphide (the gas respons- 
ible for these obnoxious odors), or prevention of its 
formation by controlled application of chlorine, is not 
only quite practicable but also satisfactory in results and 
economy of operation. 


B.O.D. REDUCTION 


Treatment plants discharging effluents into water 
courses having extreme seasonal variation in flow have 
profited from controlled chlorination to reduce bio- 
chemical oxygen demand. Field tests have often shown 
a reduction in the five day B.O.D. of more than 30 
per cent. 


OTHER ADVANTAGES 


Similarly, chlorine prevents filter “ponding.” It is 
also widely used to prevent sludge “bulking.’”” Where 
grease is a problem, chlorine will aid in its removal and 
minimize its accumulation in small pipes and spray 
heads. When added to return supernatant liquor from 
digesters, chlorine tends to counteract the impact of 
highly putrefactive liquids from fresh sewage. The 
thickening of sludge may be greatly benefited by the 
maintenance of a “chlorine blanket” in the supernatant 
above the sludge. Chlorine is also useful in the prepa- 
ration of coagulants such as “chlorinated copperas.” 
Difficult trade wastes, such as those containing cyan- 
ides, can be effectively purified by designing means for 
the application of chlorine into the process. 


TECHNICAL INFORMATION 


W&T representatives will gladly discuss any specific 
sewage chlorination problem. Technical bulletins on 
the many phases of sewage chlorination and W&T 
Chlorinators will be sent free on request. 






























CONTROL OF ODOROUS AND DESTRUCTIVE GASES IN 
SEWERS AND TREATMENT PLANTS 
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By CHAS. C. HOMMON 


Supervisor of Sewage Treatment 
Canton, Ohio 


HERE are heterogeneous odors from sewers and sewage 

treatment plants. The so-called sewer gas often referred to 
in nontechnical language by the layman is not a specific gas. 
It is an all inclusive term meaning any gas or combination of 
gases that may be found in a sewer. The most objectionable and 
far-traveling odorous gases are those originating from stale and 
septic sewage. Of these volatile compounds, which are expelled 
from septic sewages, hydrogen sulphide is by far the greatest 
offender. 

This gas, besides creating odor nuisance of intensity and 
travel distance in proportion to its concentration, has a second 
and decided objection. It is a dangerously toxic gas in dilution 
higher than most operators and engineers realize. By authori- 
ties it is rated with hydrocyanic acid gas in respect to its tox- 
icity. It is treacherous because individuals working in fatal con- 
centrations lose their sense of smell. Operators working in less 
than fatal concentratiog become accustomed to the odor but in 
time suffer permanent injuries—notably conjunctivitis and res- 
piratory tract inflammation. 


Destructive Effects of Sulphide Gas 


In addition to the toxicity, hydrogen sulphide is responsible 
for costly damages to sewers and plant equipment. Copper parts 
on expensive switchboards and control panels are in short order 
sulphided and flaked away or crumble to black copper sulphide 
powder. Short work is made of copper screens and brass work 
exposed to the moist gas at sewage plants. The first sign is 
the iridescent blue coloring imparted to copper and its alloys. 
Hydrogen sulphide can also be easily and simply detected by 
exposing silver coins for a few hours at points where presence 
of the sulphide gas may be suspected. The coins turn brown 
and then black if sulphide gas is present. 

Then, one of the most disastrously damaging effects from 
hydrogen sulphide is its hidden attack. This is the acid disinte- 
gration of masonry sewers and all metal parts of manhole struc- 
tures. The sulphide gas in this type of attack is converted by 
organisms (bacteria) on the walls of sewers into two acids, sul- 
phurous and sulphuric. It hardly needs be explained that both 
of these acids make short work of concrete or mortar. The 
calcium sulphate produced causes rupture of mortar pipe joints 
and brick sewers or manholes. It has been, known to weaken 
sewers to the point of complete failure of that part above the 
sewage flow line, below which no damage is done. Therefore, 
no full flowing sewer is ever damaged by sulphide gas. This gas 
is never oxidized by organisms which are present in the liquid 
but only those which thrive in an atmosphere where there exists 
some oxygen. If, therefore, it were practical to seal sewers so 
as to prevent all entry of air, there would be no danger of the 
so-called gas attack of sewers and manholes. 


An Instance 


The sanitary outfall sewer extending from the southerly city 
limits of Canton, Ohio, to the treatment plant offers good evi- 
dence as to the destructiveness of sulphide gas. 

This sewer is 39 inches in diameter, 6.5 miles in length, and 
was placed in service in 1915. Type of construction was vitri- 
fied segment block laid up with mortar joints, and has a theoret- 
ical carrying capacity of 18 m.g.d. There is one depressed sec- 
tion, 3,200 feet in length, which is constructed of reinforced 
concrete. This length of Sewer is naturally conducive to septic 
sewage and consequent development of hydrogen-sulphide, espe- 
cially during the warmer months of the year. The presence of 
offensive gases was not particularly grievous with the Imhoff 
contact bed type of sewage plant that was the original com- 
panion unit of this outfall sewer. However, in 1925, when the 
original contact bed units were converted into trickling filters 
using the conventional spray nozzles that were in general use at 
the time, the volatile gases made their presence known through 
the atomizing effect of the spray nozzles. Thus originated a 
definite odor problem. 





An Early Study in Corrective Treatment 


In about 1928 through the efforts and assistance of Mr. L. H. 
Enslow, associated with The Chlorine Institute, some work was 
undertaken using liquid to control the odors. The Institute fur- 
nished the chlorine and the firm of Wallace and Tiernan loaned 
the necessary chlorine feeding apparatus for the study. 

Chlorine was first added to the sewage at a point locally 
known as the three way manhole, which is the beginning of the 
main outfall sewer. This station is 6.5 miles above the Treat- 
ment Plant and is the point of convergence of three main trunk 
sewers. 

A number of sampling points were established along the 
sewer for collecting samples for analysis. It was soon learned 
that the chlorine would do the trick of controlling the hydrogen- 
sulphide. However, it was difficult to maintain sufficient chlo- 
rine and the required dosage was relatively high. The receding 
area in the depressed section caused an appreciable increase of 
hydrogen sulphide which, it was believed, defeated the desired 
results at the plant. It was obvious that split feeding was the 
answer; just how many points of desired application were not 
determined because of the absence of necessary water pressure 
for operating the chlorine machines at locations: below the three- 
way manhole. 

The chlorinators were then moved to the sewage plant and 
chlorine admitted to the raw sewage just ahead of the bar 
screens. 

This work clearly indicated that a dosage of 10 to 12 p.p.m. 
would greatly improve conditions at the plant and eventually 
permanent chlorination equipment was purchased and storage 




















One of the Early Up-Sewer Chlorinating Stations for Odor 
Control «and Sewer Protection—San Bernardino, Calif. 
This picture reveals the small space required for such a sta- 
tion and the method of transfer of the one-ton chlorine 
cylinder from truck to the in-use pit alongside the chlorina- 
tor house. Incidentally this picture was taken just after 
California’s worst floods and half-buried the chlorinator 
house in deposited silt. With the treatment plant put com- 
pletely out of commission, this station performed an emer- 
gency service of disinfection of the bypassed sewage during 
the restoratiion by merely boosting the chlorine dosage. 
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racks for handling ton containers of chlorine was constructed. 
At this time odor control was the all absorbing question, with 
only minor consideration given to the need for deterring disin- 
tegration of the mortar tile joints and concrete structures. 

Attack on these, however, became accelerated in the time in- 
tervening and the expensive Canton outfall sewer, weakened by 
joint attack, has ruptured three times in the past few years. 
Internal pressures, caused from surcharging, proved too much 
for the weakened joints. These failures offered good reasons 
and opportunities for a thorough inspection of the sewer and it 
was found that practically all of the mortar joints above the 
normal flow line had disintegrated and ceased to exist. Also 

many of the liner 
} plates were split off 
and were found 
| lying on the floor 
| of the sewer. It 
is assumed that the 
swelling of the 
mortar in the joints 
during the sulphat- 
ing period created 
sufficient pressure 
to pinch off the 
faces of these tile. 
In a few instances 
the velocity of the 
sewage had caused 
these fallen plates 
to gather into suf- 
ficient piles to de- 
velop major re- 
strictions in the 
sewer. It was 
interesting to note 
that the portion of 
the sewer below 
the normal flow 
line was in a very 
satisfactory condi- 
tion, no plates 
The Original Contact Towers for the missing and all 
Scott-Darcey Process of Making Ferrous joints normal, 
and Ferric Chloride at Oklahoma City. whereas the upper 
areas showed seri- 
Discharge from chlorinators passes up- ous attacks. This 
wards through iron scrap, producing fer- same condition pre- 
rous chloride. vailed in the ap- 
proaches to the 
concrete depressed section. Wherever the concrete mortar was 
submerged it was in a satisfactory condition, but above the nor- 
mal flow line (those areas normally in contact with moisture 
and the gases) serious deterioration was evident. 

A great deal more is known today about sewage treatment 
and the handling of sewage than was available when the Canton 
outfall sewer was constructed and the writer is frank in admit- 
ting that he did not fully appreciate what had occurred or what 
was occurring in the sewer at the time this investigational work 
was being done. As a matter of fact, there was little if any 
evidence in 1928 to show that the attack was proceeding at a 
serious pace, and chlorination at the plant proper seemed ade- 
quate for the odor problem. 


Methods of Preventing Sulphide Production 


Hydrogen sulphide develops only after all other sources of 
available oxygen utilizable by bacteria have been exhausted. 
After this, the oxygen hunger of several species of bacteria is 
satished from the only source left—the sulphates. In taking 
away the oxygen, the residue is sulphide, which hydrolizes into 
hydrogen sulphide. 

Having laid down this premise, it becomes apparent that there 
are two general methods of preventing or checking sulphate 
breakdown. These are: 

(1) Introducing more oxygen in the form of air, dilution 
water containing oxygen, or an oxygen containing compound 
such as nitrate. 

(2) Suppression of bacterial activity and multiplication of 
organisms which deplete the oxygen and eventually break down 
the sulphates for their oxygen content. 

The sewage operator may employ the following corrective 
methods : 

(1) Air blowing to sweep out most of the volatile (free) 
hydrogen sulphide and discharge of the air-sulphide exhaust 
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through a tall stack. Or absorption of the sulphide in the ex- 
haust may be attained by passing it through an absorption tower 


(2) Destruction of the sulphide in the sewage by addition of 
chlorine, which precipitates the sulphur in situ and deodorizes in 
so doing. 

(3) The fixation of the sulphide by adding a metallic salt 
such as copper or iron. 

These several methods will now be discussed separately. 


(1) Oxygen Introduction 


Air blowing in the sewer sounds attractive but has many 
drawbacks of a practical nature. The scheme has never been 
successfully developed because of structural and operating ex. 
pense. The effect secured with flash aeration has short duration 
as all activated-sludge plant operators will attest. As a matter 
of fact, a small air input is worse than none in the overall 
result, since bacterial multiplication is given impetus and oxygen 
supply is too limited. 

The addition of nitrates (Chilean Saltpeter) has been used; 
is effective but surprisingly costly in terms of oxygen units 
provided. 

Dilution, by introducing reasonably clean stream water up- 
sewer, has been utilized with excellent results during hot dry- 
weather flow when the practice is most needed, and fortu- 
nately is permissible at such times without surcharging sewers 
or imposing excessive flows on treatment works. Fortunate is 
the plant manager who can divert a portipn of a stream into his 
sewer system when most needed to maintain clean sewers, dilute 
and freshen sewage delivered to the plant at much younger age, 
and prevent degradation and odor production in the system. 


(2) Suppression of Bacterial Activity 


In winter, lower temperatures of sewage is the natural sup- 
pressor of bio-activity. If it were practical to chill sewage to 
maintain tempera- 
tures of not in ex- 
cess of 70° F. dur- 
ing its travel 
through the system 
there would be no 
odor or sewer at- 
tack problem. 

The practical al- 
ternative is that of 
partial disinfection 
of sewage to re- 
duce the total num- 
bers of organisms, 
suppress their de- 
velopment, and 
most important of 
all, to reduce the 
biological “turn- 
over.” What is 
meant by “turn- 
over” is the num- 
ber of new genera- 
tions of young and 
vigorous organisms 
per hour. Like all 
living things, it is 
the active youth 
generation who 
burn up the oxygen 
in the vigor of liv- 
ing, and not the 
grandfather gen- 
eration. Total num- 
bers of organisms 
may mean little if 
anything in sew- 
age. What really 


counts is the age, ; 
activity and species Contact Towers for the Scott-Darcey 


> . * " 
of hecteria. This Process at a Small Treatment Plant in 


means much in rate Arizona. 
of oxygen utiliza- 
tion and depletion, 
consequently, the 
speed of reaching 
the point of sulphide production and its consequences. 


To suppress bacterial “turnover” and rates of oxygen deple- 

















In this instance the chlorinated iron _pro- 
duced is employed for chemical prectpita- 
tion as well as odor control. 
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h as is provided by nature in winter operation, is the 
which partial disinfection of sewage as close to its point 
practical, has met with success. Some remarkable 
thus been obtained with up-sewer chlorination at 
{ dosage dictated by the temperature-time factor. In 
e instances (cooler sewage and short period of travel to the 
ert as little as 2 p.p.m. of chlorine has been ample. In other 
= nces (drought and high temperatures with long travel pe- 
— to the plant) as much as 12 p.p.m. has been required. In 
ith rs, a two-point application, between the collecting system 
ary A plant, has been required for higher efficiency and chlorine 
ssenetl. Taking it by and large, the 5 p.p.m. dosage has been 
effective when applied sufficiently early—i.e., before bacterial 
“uyrnover” has gotten a head-start. ; a. 
During the past several years “preventative chlorination has 
been the most popular odor control measure. No set rule can 
be given for the dosage needed, for reasons above cited. Nor 
can a universal specification be written concerning the point 
(or points ) of chlorine introduction up-sewer. Therefore, in 
cases where doubt exists, a hydrogen sulphide and chlorine- 
demand survey to determine the most effective application point 
(or points) is the recommended procedure. As a matter of fact, 
a portable chlorinator may be employed to determine the per- 
manent location (or locations) for maximum chlorine economy. 
In connection with such surveys and chlorination point selec- 
tion, securing assistance of experienced engineers with The Chlo- 
rine Institute, 50 E. 41st St., New York City, or the technical 
service staff of Wallace & Tiernan Co., and/or of the larger 


chlorine producers, is suggested. 


Other Corrective Methods 


In cases where it has not proved practicable to adopt pre- 
ventative measures, the following corrective methods are 


available. 


(1) Air Blowing at Plant 


So far as we are aware, this method has only been utilized at 
one plant—Dallas, Texas. In a closed chamber the sewage ar- 
riving at the treatment works is air-blown for 4 minutes and in 
the second pass is blown for an additional 4 minutes with air 
carrying chlorine gas. The exhaust from the aerating and aero- 
chlorination chamber is discharged through a stack. The plant 
is also equipped to employ ordinary chlorination or the addition 
of an iron salt, which will destroy or “fix” the volatile sul- 
phides, as later explained. 


(2) Chlorination 


By far the greatest number of plants have been equipped for 
corrective chlorination at the plant proper, when and if odors 
become a problem. Particularly has this method been mostly 
adopted for the smaller plants and those where odor nuisance 
is a possibility rathter than a probability. 

In this method, chlorine is applied just ahead of the bar- 
screens or in the pump well. The dosage varies considerably, 
running from 2 to 20 p.p.m. of chlorine. In the majority of such 
cases, the 10 p.p.m. dosage covers the requirement. The practice 
of pre-chlorination for the dual purpose of disinfection and odor 
control simultaneously has gained considerable favor in recent 
times, the largest plants to adopt this method being those of 
Buffalo, N. Y., and Detroit, Mich., where pre-chlorination has 
also proved more economical than post-chlorination, and also 
more effective as a disinfection measure alone. 

In the plant chlorination method the sulphide is destroyed by 
breaking into the compound and precipitating the sulphur thus 


(3) Sulphide Fixation 


When adding chlorine solely for the purpose of sulphide de- 
struction (i.e., after the sulphide has been produced), the scheme 
is less effective than the following. 

Copper or iron salts may, be employed for the purpose of con- 
verting volatile sulphide into “fixed” copper or iron sulphide. 
Since copper is the more costly metal, and since iron chloride 
can be produced relatively simply and inexpensively on the site 
of application, this scheme has in recent times become a very 
popular. effective and inexpensive method. 

The iron chloride is produced from scrap iron and chlorine by 
passing the discharge of a chlorinator upwards through a tank 
or tower containing the iron scrap. The overflow from the 
tower is ferrous chloride (FeCl). The process introduced in 
Oklahoma City by L. H. Scott, Supt. of Water and Sewage 
Treatment, and H. J. Darcey, Chief Engr., Oklahoma State 


tion, suc 
basis on 
of origin as 
results have 


rates 0 














The Triple Purpose Chlorinator Installation at Dallas, Texas 

The 1,000-lb. capacity dry-feed machine at center is used for 

“Aero-Chlorination” in grease separation and/or deodorization 

of stack gas. The two 2,000-lb. capacity solution machines 

are used for prechlorination odor control or producing 
chlorinated copperas at will. 


Dept. of Health, and known as the Scott-Darcey Process, was 
taken over and perfected by Wallace & Tiernan Co. In the West 
and Southwest the method has been rather extensively and ef- 
fectively used. With the equipment, either iron chlorine or 
chlorine may be used at will. The equipment can also be oper- 
ated to produce ferric chloride (FeCls) for coagulation or sludge 
filtration at will. 

In the matter of odor correction, the use of chlorinated iron 
has many advantages over direct chlorination. For instance, 
there are stale sewages which when chlorinated partially develop 
decidedly medicated (iodoformish) odors. This odor is not of 
a traveling nature but is not pleasant and visitors would object 
to it. On the other hand, chlorinated iron produces absolutely no 
odor. For a given amount of.chlorine, use of the Scott-Darcey 
method insures 100 per cent efficiency in respect to theoretical 
hydrogen sulphide removal per pound of chlorine. The explana- 
tion lies in the fact that the iron has affmity only for the sul- 
phide and fixes it completely without organic matter interference, 
while chlorine is always in part used up by organic matter be- 
fore it strikes the sulphide. Frequently 50% of the chlorine ap- 
plied is thus used up and only 50% ever reaches the sulphide. 

A fact of considerable interest also is that the iron application 
can be made at any point desired. If, for instance, it is desirable 
to add it at the beginning of a long sewer, the iron is used up 
only as hydrogen sulphide is produced. Therefore, the surplus 
of iron travels along in contact with the sewage or industrial 
waste without being depreciated in any degree by the organic 
content. Thus, the iron becomes available as needed during 
progress of the sewage between the point of application and the 
plant. It is plain, therefore, that the chlorinated iron method is a 
measure of correction which involves the utilization of chlorine 
to its highest advantage. The method insures an efficiency of 
hydrogen sulphide removal at essentially 100 per cent of the 
theoretical, this being the destruction of.1 p.p.m. of HS for 
each 2 p.p.m. of chlorine applied, according to the reaction: 

H:S + Ch = 2HCI1 + S$ 


The reactions involved in the chlorinated iron method are: 


( 1) Fe + Cls — FeCl. 
(2) HeS + FeCh = ZHCI+ FeS 

Since two parts of chlorine by weight accounts for one sul- 
phur, the iron involved can be pictured as a chlorine carrier in 
the process of “indirect chlorination.” 

From the above, it is readily observed that the more modern 
use of chlorine as an agent of controlling hydrogen sulphide 
would have been of material benefit in preventing failure of 
Canton’s 26 year old outfall sewer, as well as correcting the 
odor problem at the plant proper. When considering the cost 
of a large outfall of material length it is apparent that consid- 
erable can be spent for Summer time chlorination as a measure 
for extending the life of such a structure. 
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THE CHLORINE DEMAND DETERMINATION* 





Ed. Note: Although the technic given here was pre- 
pared by the AWWA Committee for Chlorination Control 
of Water, it is suitable for use on sewage providing the 
operator makes a few minor changes in detail. For exam- 
ple, the size of the sample may have to be varied; the in- 
cremental additions of chlorine reagent water will gen- 
erally be different; the contact time for the determination 
of the chlorine demand of sewage is standardized at 15 
minutes ; and 5 portions are usually sufficient. 

For sewage, some estimate of the increments of chlorine 
reagent to be used may be obtained by determining the 
immediate chlorine demand (1.C.D.), using a spot plate 
with 1 ml. portions of the sample and 3 drops of 
ortho-tolidine for ascertaining the residual chlorine, allow- 
ing 30 to 45 sec. for color development. (The minimum 
readable color in the spot plate is between 0.05 and 0.1 pp.) 

The I.C.D. may be expected to be from 60 to 80 per cent 
of the total (15 min.) chlorine demand. 

For plant control or field work, the spot plate technic 
for the determination of residual chlorine is simple and 
sufficiently accurate, and it obviates the need for standards 
and apparatus. 











HE chlorine demand method presented is designed to lend it- 

self to the determination of the so-called immediate demand or 
to any other demand using longer contact time or larger chlorine 
dosages. It can be used, for instance, in the determination of 
the break-point. It specifies that chlorine water be used as the 
source of chlorine when liquid chlorine is used in operation. The 
alternate use of “Zonite” as the source of chlorine, given in Part 
B, is more convenient for use in the field or when facilities are 
not available for standardizing chlorine water. Generally speak- 
ing, it would appear that results with “Zonite” will be of the 
same order of accuracy as with chlorine water. It is suitable for 
use on either water or sewage. 

The chlorine demand of water is the difference between the 
amount of chlorine applied and the amount of residual chlorine 
remaining at the end of the contact period. The demand for any 
given water varies with the amount of chlorine applied, time of 
contact and temperature. For comparative purposes it is impera- 
tive that all conditions be stated. The smallest amount of resid- 
ual chlorine considered at all significant is 0.1 ppm. Treatment 
of water beyond this point usually results in a series of increas- 
ing demands. Addition of that amount which will destroy the 
ammonia present is commonly termed “break-point” chlorination. 
In practice, the ratio of chlorine to ammonia nitrogen (NH;—N ) 
at the break-point is seldom less than 10 to 1 and may reach 25 
or more to 1. 

All chlorine demands may be determined by following the same 
general procedure. 


Part A. Method for Laboratory Use 
Sec. |—Reagents 


1.1. Ortho-tolidine Reagent—Mcthod 1: Dissolve 1.35 g. ortho- 
tolidine dihydrochloride in 500 ml. distilled water. Add this solu- 
tion, with constant stirring, to 500 ml. dilute hydrochloric acid 
made by mixing 350 ml. distilled water and 150 ml. concentrated 
hydrochloric acid (sp.gr. 1.18-1.19). 

If it is necessary to use orthotolidine, this reagent should be 
obtained in the purest possible condition. Even so, ortho-tolidine 
contains more impurities than the ortho-tolidine dihydrochloride 
and is therefore less satisfactory. 

1.2. Ortho-tolidine Reagent—Method 2: Grind 1 g. ortho-toli- 
dine in a mortar with 5 ml. dilute hydrochloric acid, made by 
adding 150 ml. concentrated hydrochloric acid (sp.gr. 1.18-1.19) 
to 350 ml. distilled water. 

Add 150-200 ml. of distilled water. The ortho-tolidine goes 
into solution immediately. 

Transfer the solution to a 1.0-liter graduate and add the bal- 
ance (495 ml.) of the dilute acid (A-1.2) and make up to 1.0 
liter with distilled water. 

1.3. Storage of Ortho-tolidine Solution: The ortho-tolidine 
solution should be: (a) stored in amber bottles or in the dark, 
(b) protected at all times from direct sunlight, (c) used no 


*Excerpted from the AWWA Committee Report on “Control 
of Chlorination” and reprinted by permission of the Association. 
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longer than six months, (d) kept from contact with rubber and 
(e) maintained at normal temperatures. 

At temperatures less than 0° C., the ortho-tolidine will pre. 
cipitate from solution and cannot be redissolved easily. The use 
of the reagent from which part of the ortho-tolidine has precipi- 
tated may lead to errors due to a deficiency of ortho-tolidine 

1.4. Chlorine Water Solution: A suitable solution may be 
obtained from the chlorinator solution hose or by bubblin 
chlorine gas through water obtained from the laboratory ‘an 
Due to instability of chlorine water, it is necessary to make up 
fresh solutions daily under any conditions. 

Standardize the chlorine solution immediately prior to the start 
of each test. The use of amber bottles is recommended. When 
hypochlorite is used in plant operation, it may be used for this 
test. 

The strength of the chlorine water or hypochlorite solution 
should be such that the volume of the treated sample will not be 
increased by more than 5 per cent. 

Standardize the chlorine solution iodometrically (Sec. C-3), 
Sec. 2—Procedure 

2.1. Volume of Samples: Measure at least ten equal portions 
of the water under test. Use beakers or other glass containers, 
such as fruit jars, of ample capacity to permit mixing the 
chlorine with the water. If the object of the test is simply to 
determine chlorine demand, the volume of the sample in each 
container may be no more than 100 ml. If the purpose of the 
test is to relate chlorine demand to bacterial removal, the effect 
on taste and odor or the chemical constituents of the water, 
samples of 500 ml. or more will be. required. 

2.2. Addition of Chlorine Water: The amount of chlorine 
added to the first jar should be such that no chlorine remains at 
the end of the contact period, especially when low demands are 
being studied. Add increasing amounts of chlorine to successive 
portions in the series. The increase between portions may be as 
low as 0.1 ppm. for determining low demands and up to 1.0 ppm. 
for exploring higher demands. 

Mixing is imperative while the chlorine solution is being added 
to the sample. 

2.3. Contact Time: To determine in advance the effect of 
chlorination, the plant contact time and temperature should be 
duplicated in the laboratory. For plant control, other and shorter 
contact periods at some controlled temperature generally can be 
found. During the contact period, the chlorinated samples must 
be protected from strong daylight. 

2.4. Examination of Samples: At the end of the contact period, 
remove an equal amount from each portion and determine the 
residual chlorine by either the ortho-tolidine or iodimetric method. 

It will aid in studying the results to plot the residual chlorine 
or the amount consumed. 

Samples for bacteriological examination may be removed at 
desired intervals. 

Taste and odor of the treated samples may be observed at 
ordinary temperatures without de-chlorination. For odor obser- 
vation at elevated temperatures, samples should be de-chlorinated 
hefore heating. Choice of the de-chlorinating agent must be 
made with due regard to its effect on odor in the water under 
examination. Generally, sodium bisulfite, using only small excess, 
is satisfactory. 


Part B. Method for Field Use 


This test is designed for the measurement of the chlorine 
demand in the plant or the field when adequate facilities or 
personnel are not available to employ the more exact method 
(Part A). Results obtained in this test are approximations only. 
Sec. |—Reagents 

1.1. Use ortho-tolidine reagent (Part A, Secs. 1.1 and 1.2). 

1.2. Chlorine Solution: Use “Zonite.” This preparation con- 
tains approximately 1 per cent available chlorine by weight. For 
this test its volumetric measurement is sufficiently accurate. 

Sec. 2—Equipment 

One medicine dropper which will deliver 20 drops per ml. 
Ten 1-qt. fruit jars marked at the 500-ml. point. 

Ten 2-o0z. bottles marked at the 20-ml. point. 

Glass stirring rod. 

Glass-stemmed thermometer. 

6 Permanent color standards prepared, as given in the article 
on the orthotolidine-arsenite test by Gilcreas, or commercially 
prepared. 
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Sec. 3—Prosedure 


3.1. Measurement of Samples: Fill each jar to the 500-ml. 
mark with the water under test. Record temperature at which 
eld. 
samples tion of Chlorine: While stirring constantly, add 1 
drop “Zonite” to water in the first fruit jar, 2 drops to that in 
the second jar, 3 drops to that in the third jar, etc. Each drop 
of “Zonite” represents a chlorine dose of 1.0 ppm. 

3.3. Contact Time: The contact time is a variable factor de- 
pending entirely on the results desired. Generally, the purpose 
of a chlorine demand test 1s to determine the amount of chlo- 
rine required to produce a definite residual after a definite time 
interval. . ' 

it is recommended, therefore, that the testing be carried out 
at the end of the contact period corresponding to the contact 
at the point of control. This may vary all the way from a few 
minutes to several hours. Under some circumstances it is desir- 
able to make several chlorine determinations at different times 
of contact, such as 15, 30, 60 min., etc. Such a procedure will 
give an indication of the stability of the chlorine as related to 
time, which will be very useful information in plant control. 

The time of contact must be recorded. During the contact 
period the chlorinated samples must be protected from strong 
aylight. 
we Examination of Samples: At the end of the contact period, 
remove a 20-ml. portion from each sample, place it in, a 2-oz. 
hottle and add 1 ml. ortho-tolidine to each 20 ml. Determine 
residual chlorine by comparison with permanent standards. 

3.5. Calculation: Subtract the amount of residual chlorine (in 
ppm.) found in examination of samples from the amount of 
chlorine added (in ppm.). The result will be the chlorine demand 
(in ppm.) of the sample at the respective dosage, contact time 
and temperature. Plotting the residual chlorine or the amount 
consumed will aid in studying the results. 


Part C. lodometric Method for Residual Chlorine 


The iodometric method for the determination of residual chlo- 
rine in water can be made more precise than the ortho-tolidine 
method, particularly when residual chlorine is greater than 1 ppm. 
When the titration is made without acid, the interfering effect 
of nitrites and manganic and ferric salts is minimized. Generally, 
the starch-iodide method carried out in acid solution yields higher 
figures than the neutral starch-iodide titration. The acid titration 
therefore is preferred when interfering substances are known 
to be absent. Acetic acid should be used, but if not available, 
sulfuric acid of cp. quality may be substituted. Hydrochloric 
acid should not be used. 

Colorimetric methods for the iodometric determination of 
chlorine are available, but are not given in this report. 


Sec. |—Reagents 


1.1. Potassium lodide Solution (KI): Dissolve 75 g. cp. potas- 

sium iodide (free from iodine and iodate) in 1.0 liter freshly 
hoiled and cooled distilled water. If difficulty is experienced 
with stability of the solution, the solid substance may be used 
directly, since it is very soluble. 
_ 1.2. 0.01N Sodium Thiosulfate: Stability of 0.01N thiosulfate 
is improved if it is prepared by diluting an aged 0.1N solution 
(made as directed in Part C, Sec. 1.2.1) with freshly boiled dis- 
tilled water. Boiled water is used because bacterial action decom- 
poses 0.01N thiosulfate. Trouble of this sort may be avoided by 
the addition of a few milliliters of chloroform. For accurate 
work, this solution should be standardized daily. The use of 
an automatic burette, of a type in which rubber does not come 
in contact with the solution, is advisable. 


12.1. 0.1N Sodium Thiosulfate: Make 0.1N sodium thio- 


_To retard building up of incrustation and depoits, which choke 
pipe lines conveying lime suspension, the following has been 
found very helpful at the Richmond, Va., Filter Plant. A pro- 
gram clock at 4 hour intervals opens and closes a flushing valve 
connected into the line at the inlet end. The line is thereby auto- 
matically scoured free of the loosely deposited carbonate and 
hydrate 6 times daily. 

If a scale gradually builds up which the Richmond scheme of 
water scour will not remove, chlorine water from a chlorinator 
can be run through for the required period to dissolve or loosen 
the scale. Chlorine water applied to lime carbonate reacts to 
produce hypochlorous acid, carbon dioxide and calcium chloride 
as indicated by the reaction, 
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freshly boiled distilled water, standardizing it against potassium 
dichromate, after at least two weeks’ storage. 

1.3. Starch Solution: To 5 g. starch (potato, arrowroot or 
soluble) in a mortar, add a little cold water and grind to a thin 
paste. Pour into 1 liter of boiling distilled water, stir and allow 
to settle overnight. Use the clear supernatant. The solution 
should be preserved with salicylic acid (1.25 g. per liter of starch 
solution). The starch may also be preserved with zinc chloride 
added at the rate of 4 g. per liter. 

1.4. Acid Solution: Use either (a) a solution of acetic acid, 
made by diluting 500 ml. glacial acetic acid to 1.0 liter with 
distilled water, or (b) a solution of sulfuric acid, made by 
adding 20 ml. of concentrated sulfuric acid (sp. gr. 1.84) to 
approximately 750 ml. distilled water and diluting to 1.0 liter. 
Add the acid to the water slowly, with constant stirring. 


Sec. 2—Procedure 


2.1. Volume of Sample: The amount of sample to be taken 
for titration is governed by the concentration of chlorine in the 
sample. It is suggested that, for quantities of residual chlorine 
of 1.0 ppm. or less, 1.0 liter be titrated; for residual chlorine 
concentrations between 1 ppm. and 10 ppm., 500 ml.; for residual 
chlorine concentrations above 10 ppm., proportionately less of 
the sample should be used. It is preferable to use sufficient 
sample so that not more than 20 ml. of 0.01N thiosulfate is 
required. 

2.1.1. Preparation for Titration: If no interfering substances 
are present, place 10 ml. acid, or sufficient to reduce the pH to 
hetween 3.0 and 4.0, in a flask or white porcelain casserole, add 
10 ml. of KI solution, pour in the sample and. mix with a stirring 
rod. Omit the acid if interfering substances are present. 

2.1.2. Titration: Add 0.01N thiosulfate from a burette until 
the yellow color of the liberated iodine is almost discharged. 
When liter samples are titrated, add 5 ml. starch, reducing this 
amount with smaller samples. The amount of starch used should 
be sufficient to give a deep blue color. After the addition of 
starch, titrate carefully, but rapidly, to the end-point. Long con- 
tact of iodine and starch produces a blue compound which is 
decolorized with difficulty. 

2.2. Calculation of Results: The number of milliliters of 
0.01N thiosulfate used in 1.0 liter of sample multiplied by 0.3546 
equals the chlorine present, in parts per million. 


Sec. 3—Standardization of Chlorine Solution 


3.1. Volume of Sample: In standardizing the chlorine solution 
for temporary standards, the volume taken for titration should 
be such as to require not more .than 20 ml. 0.01N thiosulfate. 

In standardizing chlorine water solution (Part A, Section 1.4) 
for determining chlorine demand, the volume taken for titration 
should be such as to require not more than 20 ml. of 0.1N thio- 
sulfate. 

3.1.1. Preparation for Titration: Proceed as in Part B, Sec. 
2.1.1. Distilled water may be added at the discretion of the 
analyst if a larger volume is preferred for titration. ; 

3.1.2. Titration: Titrate the chlorine solution as in Part B, 
Sec. 2.1.2. 

3.2. Calculation of Results: In standardizing chlorine solution 


for temporary standards : 
ml. 0.01 N thiosulfate * 0.3546 





mg./ml. chlorine = 
ml. sample titrated 


In standardizing chlorine water solution for determining chlo- 


rine demand: 
ml. 0.1 N thiosulfate X 3.546 


ml. sample titrated 





mg./ml. chlorine 
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CaCO, + H:O + 4Cl = 2HO Cl + CaCl, + CO, 

Pouring chlorine water slowly through a column of ground 
limestone or marble will demonstrate the reaction and is a well 
known method of preparing hypochlorous acid. The solution 
resulting, because of the weakness of the hypochlorous acid pro- 
duced, has a pH of 8.0 to 8.2. 

After the carbonate is all converted, chlorine water will natur- 
ally attack metallic solution lines. Lines of rubber hose with 
jointing made by butting hose ends together inside of a short 
sleeve of larger size hose, or a short section of pipe, provides a 
very satisfactory all purpose chemical feed line. 
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@ LIQUID CHLORINE 


A clean amber - colored 
liquid about one and one- 
half times as heavy as 
water. Supplied in steel 
containers which are under 
pressure at temperatures 
above 30.1° F. It is only 
slightly soluble in water, its 
maximum solubility in dis- 
tilled water being about 1% 
at 49.2° F. When pressure 
is released, liquid chlorine 
volatilizes into a greenish- 
yellow gas which is about 
two and one-half times as 
heavy as air. It is non-in- 
flammable, non - explosive, 
and a non-conductor of 
electricity. Generally, in the 
absence of moisture it is 
not corrosive to common 
metals at temperatures be- 
low 212° F. Moist chlorine 
or aqueous solutions of 























chlorine require special 
equipment materials for 
handling. 
Chlorine has been proved to 
be the most efficient, flexible 
and economical agent for ster- 
al ilizing water supplies; and it 
~-7=——— _ is also used as a sludge stabil- 
B) 4 izer, a taste and odor elimi- 


nator, a precipitating aid, and, 


A. /\ | _D in sewage treatment, for disin- 





fection, for B.O.D. reduction 
and odor control. The quantity 
of chlorine required in water 
purification and sewage treat- 
ment processes depends upon 
the quality of water, the point 





Operating Diagram of the 
Chlorine Fractionating 
Column 

. Refrigerating Coil 

. Condensing purified chlorine 

- Purified chlorine outlet 

. Bubble cap 

. Downtake for reflux 

- Tray or plate 

. Raw chlorine inlet 

. Chloroform vapors 

- Chloroform and dissolved -impuri- 
ties 

J. Steam inlet 

K. Heating jacket 

L. Condensed water 

Drain for impurities 
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of application, and the object desired. Penn Salt Liquid 
Chlorine is particularly adapted for such processes be. 
cause of its high purity and freedom from objectionable 
“taffy” or chlorine gum, achieved by means of the spe. 
cially designed Penn Salt fractionating column which 
eliminates practically all harmful impurities from the 


chlorine. 


This Liquid Chlorine is supplied in seamless steel cylin 
ders in sizes ranging from 10-Ib. net to 150-Ib. net. 
They comply with requirements of the Interstate Com. 
merce Commission concerning specifications, retesting, 
loading, maintenance. Liquid Chlorine is also shipped 
in multiple-unit tank cars holding 15 containers of one 
ton each, and in single-unit tank cars of two sizes, 
32,000 and 60,000-Ib. respectively. The care with which 
all Pennsylvania Salt packages are cleaned and double. 
checked, coupled with the quality of Penn Salt Liquid 
Chlorine, assure maximum safety and convenience in 
chlorinator operation. 


@ PERCHLORON 


Perchleron is a high strength calcium hypochlorite, 
having a guaranteed active ingredient of not less than 
70% calcium hypochlorite or available chlorine. It is 
free flowing, concentrated and retains its labeled 
strength for one year or more under normal 
storage conditions. It weighs approximately 52.5 pounds 
per cubic foot. It is composed of finely divided particles, 
all of which will pass a 20 mesh screen and be retained 
on a 65 mesh screen. It is quickly soluble in water, and 
is useful as a second line of defense for water purifica- 
tion in cases of emergency, when supplies of liquid 
chlorine may be temporarily cut off. Perchloron is also 
used for sterilizing new mains, as well as clear wells 
and filters; valuable for sewage treatment, too. Many 
leading swimming pools sanitize their water with 
Perchloron, use it to combat slime and algae growths, 
and to control athlete’s foot by means of trays and 
spraying locker and washrooms. Perchloron is supplied 
in handy-sized cans equipped with Kork-N-Seal covers, 
9—5-lb. cans to the case. Also in 100-Ib. drums. 
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@ AMMONIA, Anhydrous 


A colorless liquid which at 70° F. is 0.61 times as heavy 
as water, and weighs 38.0 lb. per cubic foot. When 
pressure is released, it volatilizes to a colorless gas of 
penetrating odor, which is 0.597 times as heavy as air 
at standard conditions. Dry ammonia is not corrosive 
to the common metals, but moist ammonia attacks 
copper and all its alloys, hence iron pipe and fittings are 
always recommended. Ammonia is exceedingly soluble 
‘a water. At 32° F., 1150 volumes of ammonia will 
dissolve in 1 volume of water, or 47.3% by weight. 


This characteristic of ammonia is utilized in the dry 
feed ammoniators in water works. It is also useful in 
the chloramine process, in which ammonia is applied 
along with chlorine to prevent the formation of chlori- 
nous, phenolic or medicinal tastes ; and for stabilizing or 
prolonging the sterilizing action of chlorine. Ratios of 
ammonia to chlorine varying from 1:1 to 1:12 have 
been effective, with points of application ranging over 
the entire purification process. To prevent taste intensi- 
fication, the ammonia must be applied before the 
chlorine. 


Pennsylvania Salt Anhydrous Ammonia is supplied in 
special improved cylinders of seamless drawn steel 
which are light, strong and easy to handle and store. 
Gas may be withdrawn either with a cylinder standing 
upright on a scale for weighing, or with the cylinder 
lying horizontal, whichever is most convenient. 


@ FILTER ALUM (Sulphate of Alumina) 


This product is the principal coagulant used in water 
purification; and Penn Salt, Commercial or Iron Free 
\lum has been adopted by many water works superin- 
tendents and engineers. Available in any quantity from 
a single bag or barrel to carload lots. Bags and barrels 
are paper lined as a protection against atmospheric 
moisture. 
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@ FERRIC CHLORIDE 


In liquid form it is an aqueous solution, the concentra- 
tion of which is governed by the outside temperature 
and varies from 39% FeCl, in extremely cold weather 
to 45% in extremely hot weather. Pennsylvania Salt 
also supplies ferric chloride in an anhydrous form which 
is water-free and as near to 100% FeCl, as is permitted 
by impurities in the steel scrap from which it is made. 
Ferric chloride is a positive coagulant, producing clean- 
cut flocculation in economical doses. In most communi- 
ties, depending upon shipping costs, ferric chloride 
offers vast savings over alum. The aqueous solution is 
shipped in rubber-lined tank cars holding 8,000 gallons 
and averaging 40,000 Ib. of dissolved FeCl, per car. 
Anhydrous ferric chloride is shipped in non-returnable 
steel drums, 150 and 400 Ib. sizes. 





@ SODIUM ALUMINATE 


An alkaline compound of alumina and caustic soda, used 
both for softening water and as a combined coagulant 
and softener. Most effective in water requiring an 
alkali with the alum. Shipped in steel non-returnable 


drums, net weight 100 and 400 Ib. each; and in 100-Ib. 
moisture-proof burlap bags. 


@® SODA ASH 

CHLORIDE OF LIME, and 

CAUSTIC SODA 
are among the other chemicals made by Pennsylvania 
Salt and used in water purification and sewage treat- 
ment. Ask us for detailed information and expert tech- 


nical assistance. 
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The chemical treatment of sewage and industrial wastes is an 
effective and economical method of increasing the efficiency of 
the ordinary sedimentation plant. Such treatment requires but 
little plant construction or capital investment. It provides a 
high overload capacity and flexibility in proportioning to produce 
the degree of purification required. Seasonal loads are readily 
handled with the Ferri-Clor treatment. 

Ferri-Clor coagulates sewage and industrial wastes, thus caus- 
ing more rapid precipitation in sedimentation plants and faster 
filtering through vacuum filtration systems. It is most effective 
in the pretreatment of industrial wastes which offer change in 
characteristics almost hourly. 

Experience has shown that Ferri-Clsor is also an economical co- 
agulant for sewage and a wide range of industrial wastes. 


FOR COAGULATING SEWAGE 


Ferri-Cloor provides an inexpensive and efficient method of 
dealing with plant overloads, and reduces original p!ant invest- 
ment by increasing the capacity of the sedimentation plant. 


AMOUNT of Ferri-Cl.or to be Used 


The accepted procedure in determining the dose of Ferri-Clsor 
required to coagulate a given sewage is to set up 
“jar tests” with sewage to be tested. 2 qt. Mason 
Jars and stock solutions of Ferri-Clsor and lime, 
consisting of 10 grams per liter of distilled water, 
are used. Place one liter of sewage to be tested 


in each of several Mason Jars. Add to the 
sewage in each jar, successively larger doses of 
Ferri-Clyor stock solution. Stir all samples 


thoroughly for several minutes and let stand for 


effective and efficient methods : 


recirculation. 


flue gases, oil, gas or electricity. 
the water. 
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AS A COAGULANT FOR SEWAGE AND INDUSTRIAL WASTES 


1 hour. Observation of the several samples will determine the 
best dosage. If lime is required to provide sufficient alkalinity 
for satisfactory coagulation, follow the same procedure out- 
lined for Ferri-Clsor. The amount in lbs. of Ferri-Clsor or lime 
required equals the number of c.c. used in the selected test x 
10 x total sewage flow (m.g.d.) x 8.33. 


FOR SLUDGE CONDITIONING 


For efficiency and economy—ISCO Ferri-Clsor produces the 
best sludge floc for filtration, compared weight for weight with 
other commercial coagulants. Because of this fact, ISCO 
Ferri-Clsor is accepted as the lowest-cost powerful sludge coag- 
ulant on the market. 


AMOUNT of Ferri-Cl.or to be Used 


Using the Buchner Funnel Test, the time periods required for 
the vacuum to break with varying quantities of coagulant are 
recorded. 2 to 3 minutes is satisfactory and 1 to 1% minutes 
is very good and should be used for plants where the sludge 
is held, as in batch-mixing. 


Various combinations of Ferri-Clsor and lime should be tested 
until the relative quantities for optimum operation are determined 
The approximate quantities of chemical to be used 
in the plant can be determined from the laboratory 
test, provided, of course, that the same strength 
chemicals are used in the plant. The quantity of 
Ferri-Cl, or solution in gallons per 1,000 gallons of 
sludge will be 5 times the c.c. used per 200 c.c. of 
sludge in the test. Likewise, the quantity of lime in 
pounds per 1,000 gallons of sludge will be 42 
times the grams used per 200 c.c. of sludge. 


PREPARATION of Ferri-Cl.or Solution 


Saturated solutions of Ferri-Clor are heavier than water, i.e.: you may 
have clear water above and undissolved crystals at the bottom of your 
mixing tank. Therefore, we recommend dissolving by one of the following 


1. Automatic gravity circulation by placing the salt on a wooden grid ele- 
vated or suspended one-half way in the tank. 


2. Mechanical mixing by (a) stirring, (b) air agitation, and (c) liquid 


3. Melting: Ferri-Clor melts at 98.6 to 102.2°F. and so can readily be 
liquefied by relatively small amounts of heat from exhaust or live steam, 
The dissolved salts can be poured into 








Ferric Chloride 60% (FeCls) 











manufactured especially for Sewage and Water Treatment. 


°o 
Ferri-Clor is ISCO’s registered name for Ferric Chloride developed and 
Ferric Chhoride m4 
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PROBLEMS IN HANDLING SEWAGE SLUDGE 


By CHARLES R. VELZY 
Greeley & Hansen, Engineers., New York City 


HE disposal of sludge has always been one of the major 
yp of sewage treatment. It is not in itself a primary 
objective of treatment. It adds materially to construction and 
operating costs, and the preparation of the solids for final dis- 
posal is fraught with many difficulties. It has been a necessary 
evil, rather than an asset. : 

Sludge handling problems differ according to the type of 
sludge, and the magnitude of the difficulties varies as widely as 
the characteristics of the material being handled. Activated 
sludge is liquid and homogenous, and presents few mechanical 
or hydraulic problems. Primary sludge, on the other hand, is 
of lower moisture content, contains solids which are coarser 
and partly of a fibrous nature, and usually carries grease in an 
amount to be troublesome. Its characteristics cover a range 
from a relatively freely flowing heavy liquid to a semi-solid 
which refuses to move under the action of a positive displace- 
ment pump and the coaxing of a skillful operator. A mixture 
of activated and primary sludge may show characteristics any- 
where between these extremes. This discussion relates to the 
problems encountered in handling sludge having the more stub- 
born characteristics. 

At least two of the “gremlins” plaguing the sludge operator 
can be identified and are well known. They are the trash or 
ground screenings which come through the settling tanks, and 
the grease which is usually handled with the sludge. The troubles 
caused by these materials have led to the suggestion that they 
should not be returned to the sludge when once removed from the 
sewage. It is often found, however, that disposal with the 
sludge is less troublesome than separate disposal and the prob- 
lems related to and aggravated by these materials are therefore 
frequently encountered. 

Trouble from screenings may be reduced by attention to a 
number of details in plant design and operation. Screenings may 
be designed with relatively close bar spacing (% inch or 1 inch), 
and the grinder may be arranged to discharge the ground screen- 
ings on the upstream side of the screen. Some of the coarser 
material passing the grinder is thus caught again and reground. 
It is obvious that the grinder should be kept in good condition, 
particularly to minimize the passing of long fibrous material. 

In a treatment works where large quantities of leaves and 
other trash are likely to accompany or follow a storm, it may 
be advantageous to provide for by-passing the grinder to keep 
the screenings out of settling tanks at times of heavy load. The 
elimination of what might constitute a “slug” of clogging mate- 
rial is worth while, and since the screenings at such times are 
relatively clean, separate disposal is not too difficult. 

Grease is difficult to handle wherever it is found. Skimmings 
from a settling tank require mixing with large quantities of 
water. The water must be largely separated for economical 
pumping, but if separation is too complete the grease “cakes” 
and cannot be pumped. It tends to congeal in pipe lines, and 
in a sludge tank it floats and adds to the burden of control of 
top sludge or scum. 

These problems are being minimized at some plants during 
the war by salvaging the grease. The skimmings from the 
primary settling tanks are removed and sold. Operators at 
these plants report appreciable reduction in grease troubles in 
pipe lines and in quantity of floating material in sludge tanks. 

For the sake of discussion, the problems in handling sludge 
from the time it leaves the settling tanks until it is ready to 
leave the sludge tanks are classified into four categories, as 
follows: (1) pumping problems, (2) troubles encountered in 
pipe lines, (3) metering, and (4) problems in the sludge tanks. 


Pumping Problems 


Discussion of sludge pumping always leads to consideration 
of types of sludge pumps. The competition between the dis- 
placement pump and the “screw-feed” centrifugal pump will 
probably continue for some time. In discussing their relative 
merits, one plant superintendent once said that he thought an 
operator having both types available would always use the 
centrifugal so long as it was effective, because it was simple and 
clean to operate and required a minimum of maintenance. For 
high suction lift or for discharge pressure above normal, how- 
ever, the displacement pump is better adapted. In a plant recently 
built, where two sludge pumps were needed, one of each was 
specified in order to cover a wide range of sludge characteristics 
and also to obtain the advantages of both types of pump. 

It has been stated that a displacement pump operates better 
with some suction lift than with pressure on the suction side. 





However, the need for minimum length of pipe and the fewest 
possible bends in the suction lines often points to placing the 
pumps below the water level of settling tanks. Some pressure 
in the line also is an aid in keeping the line clear of gas. The 
designer must weigh these and other factors in each plant design 
and adopt a layout best fitting the conditions. 

_ Considerable uncertainty is involved in determining the operat- 
ing pressure for which sludge pumps should be designed. It is 
a problem which does not conform to hydraulic formulas, and 
the answer must, therefore, be derived from experience and 
judgment. Particularly in larger plants, pressures sometimes 
build up rapidly or a stoppage results in a sudden increase in 
pressure. A pump which will withstand and operate under a 
pressure of 50 pounds per square inch will suffer much less 
interruption than one designed for only 50 feet of head. At 
New York City it has been the practice to install in each 
primary sludge pumping station a high pressure pump for 
emergency use, which is capable of operation at 100 pounds per 
square inch. 

At Buffalo the primary sludge pumps specified and built for 
a working pressure of 50 feet proved to be too light. Breakage 
occurred in connecting rods, packing gland bolts and in pump 
body castings. The pumps have been modified, the alterations 
including new connecting rods, smaller diameter cylinders and 
plungers, heavier castings and some other changes. Less inter- 
ruption to operation has been reported. 

The variable pressure, wide range in sludge characteristics, 
and the general severity of the service have led to more sturdy 
pump design. An example of later design is the triplex plunger 
pump with variable speed gear drive. (See Fig. 1.) It has a 
number of advantages over the duplex plunger pump with 
variable stroke. Added capacity is obtained without excessive 
velocity through valves, full stroke at low pumping rates results 
in less slippage than shortening the stroke, and there is always 
a more uniform velocity in the discharge pipe. 

The summation of these factors calls for a pump of more 
rugged construction and better and more expensive mechanical 
parts than was acceptable some years ago. Manufacturers are 
meeting this requirement, and designing engineers should adjust 
specifications as necessary to call for the better type of pump 
where it is needed. 

The maintenance on sludge pumps must be expected to be 
high. Wear on packing and -plungers is rapid, and frequent 
renewal of packing is necessary. For plunger pumps, most 
operators experiment with several types of packing until one is 
found that lasts longer than other types. It is difficult to select 
any make or style of packing as best for all applications, but 
it is suggested that resilience and resistance to abrasion are two 
characteristics to be sought. 

Relatively frequent restoration of plunger surface is also 
required. This can be accomplished by installing new plungers. 
It may be worth while using a plunger with a thick wall so 
that refinishing can be done one or more times before discarding 
the plunger. The added clearance resulting from refinishing 
can be taken up with thicker packing or a shim in the outside 
of the packing space. 

Every operator is familiar with the problem of maintaining 
cleanliness in a sludge pumping station, particularly where 
plunger pumps are used. Leaking packing, drawing of samples 
and cleaning of valves, all contribute to the difficulty of keeping 
the station clean. Pump bases are usually provided with a lip 
or curb and a drain to carry off the leakage from the pump, 
but with sludge this is not effective. Solids from the sludge 
tend to accumulate within the curb and to clog the drain. Since 
cleaning must be a continuous and a routine operation of flush- 
ing and wiping, it may be helpful to fill the drainage spaces 
and channels in the pump base to prevent accumulation of dirt. 

At the joint meeting sewage treatment plant of Essex and 
Union Counties, New Jersey, each sludge pump is enclosed 
within a concrete curb. As explained by E. P. Decher, acting 
chief engineer, this keeps the spilling of sludge “within bounds” 
and makes it possible to flush around the pump after cleaning 
valves and the like, without splashing the rest of the station floor. 

In addition to thorough cleaning, Mr. Decher offers the sug- 
gestion of burning a small amount of sandal wood to overcome 
any lurking odors of sludge. A recent visit to the plant demon- 
strated the effectiveness of this “stunt.” It should, of course, 
be borne in mind that the burning of incense is not a substitute 
for cleanliness, and the immaculate condition of the joint meet- 
ing plant shows that there is no improper use there. This may 
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the preparations for the visit by the Wom- 
en's Club or the mayor and his committee. 
Piping 

There has been some difference of opin- 
ion regarding the selection of pipe sizes 
for sludge. One line of reasoning calls for 
large sizes and low velocity in order to 
keep friction losses to a minimum, par- 
ticularly when the sludge is heavy. The 
other reasoning calls for relatively small 
lines and higher velocity in an effort to 
prevent deposits and the congealing of 
grease on the walls of the pipe. With the 
differences in sludge characteristics and 
other conditions in the various plants, it is 
difficult to make a definite determination 
on this point. 

In recent years operators have reported 
a number of cases in which grease has 
been found to accumulate on the walls of 
the pipe to greatly increase friction losses, 
or actually to produce stoppage in the pipe 
lines. In many of these cases pressures 
have not been excessive except as_ the 
grease has accumulated in thickness suffi- 
cient to greatly reduce effective diameter. 
It therefore appears that a _ reasonable 
velocity in the sludge line will not cause 



































excessive pressure, unless the line is partly 
plugged. When a line is partially plugged 
it is best that it be cleaned and normal 
operating conditions thus restored. 

A part, if not all, of the trouble of grease accumulation in 
sludge lines appears to result from the pumping of primary 
settling tank scum through these lines. In a number of plants 
an operating rule has been established to the effect that scum 
should not be pumped alone, but should always be mixed with 
sludge, and that any pumping period should be ended with an 
appreciable time of pumping sludge alone in order that a mini- 
mum amount of scum will be left in the line to congeal. This 
practice has been found to be helpful. 

At Buffalo a 10-inch cast iron discharge line for raw primary 
sludge some 600 ft. long was found to fill with grease in‘a period 
of a few months. Cleaning was accomplished with live steam 
introduced through an injector at the pump end of the line. The 
injector was made to mix water and steam and produced a flow 
of hot water through the sludge pipe. The grease accumulation 
wauld begin to break away from the walls of the pipe at a 
temperature of approximately 150 deg. F., and the pipe was 
found to be well cleaned at a temperature of approximately 
180 deg. F. Cleaning with steam has become routine, being done 
approximately every four months. 

The procedure is accompanied by some difficulties. In the first 
application of steam a section of the cast iron pipe was cracked 
by too rapid rise in temperature. With cast iron pipe it is 
necessary to both heat and cool the pipe slowly to avoid break- 
age. Another problem with bell and spigot pipe is the tendency 
for the joints to open and leak as a result of the contraction 
and expansion. 

At some other plants, grease in sludge lines has been removed 
by pressure. The use of high pressure pumps at New York City 
plants has been mentioned. Sometimes water under high pressure 
has been used. It is reported that in some cases grease and 
other accumulated solids have been forced out of pipes in long 
continuous “slugs” by the application of pressure. 

While these two methods, and probably others, have been 
effective in cleaning sludge lines, it is still advisable to make 
the line accessible. Outside the pump rooms the pipe may well 
be placed in tunnels. If this is not possible, manholes may be 
built around the bends, and cleanouts provided at bends ‘and at 
other points for rodding and other cleaning methods, to be used 
if necessary 

It is suggested that, in larger sewage treatment works, sludge 
lines be laid in duplicate and be made of steel. This will permit 
cleaning the lines of grease accumulations by the application 
of steam or hot water and, if the duplicate lines are cross con- 
nected, this cleaning operation can be done without interrupting 
sludge pumping 


Metering 
The metering of sludge is admittedly difficult. Although far 


from perfect, the Venturi meter is generally found to be the 
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Fig. 1\—Triplex Plunger Pump with Variable Speed Gear Drive 


most satisfactory. Accuracy cannot be expected, and refinements 
in the meter design therefore are not justified. It has been found 
that one or two openings directly to the interior of the meter 
are more satisfactory than a Piezometer ring, as the ring is 
easily plugged with solids. Special cleaning and flushing devices 
and connections are also helpful. 

Sometimes the use of any kind of meter for sludge is ques- 
tioned because of the difficulty of obtaining satisfactory operation. 
It is suggested, however, that a meter is worth while, not only 
because it gives some measure of the rate and quantity of sludge 
flow, but also because it can serve as a useful indicator to the 
pump operator. The flow of sludge through a sludge pump may 
be stopped at any time through clogging of a line or lodging 
of some obstacle in a valve, and that this condition may not 
be observed by the operator without some form of indicator. A 
sharp drop in rate shown by the meter indicates such an in- 
terruption in flow. 

“Likewise, an operator may start a pump without knowing 
whether or not the sludge actually starts to flow. A normal 
indication by the meter when starting a pump is reasonable assur- 
ance that sludge is flowing, while failure of the meter to respond 
calls for investigation of the pump or motor, or both. It is the 
writer’s experience that a sludge pump operator gets the “feel” 
of the situation so that he becomes skillful in using the meter 
as an indicator of pump operation, and may also use the pump 
to indicate the meter operation. Thus if a meter shows no flow 
while the pump is running, an operator may clean the valves and 
otherwise assure himself that sludge will flow when the pump 
is in operation. If the meter still does not register, it is reason- 
able for him to conclude that the meter needs attention. 

This kind of operation appears to be troublesome and a pro- 
cedure which needs improvement. There are, however, many 
troublesome factors in handling sludge and this is just another 
case in which certain maintenance operations must be accepted 
as routine. In operating a plunger sludge pump, it is routine 
to clean valves, and constant attention to a sludge meter is in 
the same category. Flushing of meter connections may well be 
done daily or oftener to prevent more serious difficulties, and 
further cleaning of the meter may be required at frequent in- 
tervals. In this connection the flushing system for the meter 
should be of adequate pressure so that the excessive pressures 
which sometimes occur in the sludge lines will not overcome 
the pressure of the flushing system. 


Problems in the Sludge Tank 


Probably every sludge tank accumulates scum at the top. Some 
prefer to call it top sludge. Whatever its name, it is obvious 
that some of the solids introduced into a sludge tank go to the 
top while others settle to the bottom. Evidence of scum accumu- 
lation is found in the answers to inquiries sent to plant operators 
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Fig. 2—Heat Exchanger for Sludge 


by Wisely and reported in Sewage Works Journal.’ Consider- 
able progress has been made in designing tanks and equipment 
and in providing means for reducing the quantity of top sludge 
and for minimizing the difficulties resulting from its accumula- 
tion. It appears reasonable to assume, however, that where there 
is sludge there will be scum or floating solids, and that this 
should be recognized in the design and the operation of sewage 
treatment works. 

The characteristics of the top sludge vary with the nature 
of the raw sludge and the conditions under which the sludge 
tank operates. They have a marked bearing on what can be done 
and what should be done to control or reduce the quantity. In 
sludge tanks of large capacity the digestion of the top sludge 
may keep pace with its accumulation and no problems occur, 
while with tanks of more limited capacity the floating material 
sometimes builds up to a thickness of several feet. If the solids 
content increases to above 20 per cent, the material will not 
flow in a pipe and is therefore difficult to move. It tends to 
become inactive and may seriously encroach on the digestion 
capacity of the sludge tank. 

In the design of sludge tanks it appears wise to consider the 
possibility of top sludge accumulating to an extent which may 
cause trouble. Structures and equipment which keep the sludge 
moist have merit, and circulation is helpful. Some means for 
increasing moisture content and withdrawing the material may 
be appreciated by an operator who finds his sludge tanks handi- 
capped with a thick layer of dense top sludge. 

One arrangement for withdrawing this material which has 
been found effective is a pipe line carried to a point near the 
top and center of the tank and connected to the suction of 
plunger pumps. A vertical drop of some 20 feet in this pipe 
from the inlet point near the top of the tank to the level of 
the pump provides a “reservoir” into which the scum can flow 
as it is softened and from which the pump can draw the material. 
A spray in the gas dome and over the open end of this vertical 
pipe softens the scum until it will flow. It has been found that 
scum as high as 40 per cent solids can be moved with this 
arrangement, and that even the densest scum will gradually flow 
to the center of the top of the tank as the material is removed. 

To attempt to make specific suggestion for operators on 
methods for solving scum problems is of questionable value, 
because no two situations are alike. Some ingenuity is required 
at each plant and operators have shown a high degree of skill 
in solving their own problems. However, a brief summary of 
ideas may be helpful. 

Obviously, sufficient observations should be made to determine 
whether solids are accumulating to such a depth as to be 
troublesome. If that appears to be the case, measures may be 
applied to promote the digestion of the material. These may 
include increasing moisture content, circulation or stirring, and 
the addition of chemicals for pH control or to otherwise promote 
digestion. 

When the situation is not brought under control by these 
measures, it may be advisable to remove some or all of the 
scum. It must be admitted that removal is not a final answer, 
as disposal after removal may be no small problem. Where 
incineration is provided, the material may be filtered and burned, 
with care being taken to control temperature in the furnaces. 


Drying on sand beds and disposal as fill is another possible 
method of disposal. Some effort in keeping the scum under 
control is worth while, as the emptying of a sludge tank is a 
major operation, particularly if it becomes necessary because 
of the accumulation of scum. 

The heating of sludge tanks by hot water coils within the 
tanks has been common practice since the first use of separate 
digestion tanks. Although simple in design and operation, this 
method has not been entirely free of trouble. If the water is 
too hot, collection of solids on the outside of the coils impairs 
the transfer of heat. The pipes and their supports sometimes 
tend to retard the free flow of the sludge. Expansion and con- 
traction of coils in large tanks requires consideration in design. 
Coils sometimes break and the emptying of a tank for repair 
of the coils‘ becomes, necessary. Mr. W. E. Gerdel reported a 
break in a heating coil at Cleveland in 1940,’ and J. W. Johnson 
has described repairing broken coils at Buffalo in 1943.° 

The direct application of steam has been used successfully as 
reported by Mr. A. M. Rawn.* This method is worthy of con- 
sideration where steam is available. It does not apply so well 
where gas is used in engines, because the waste heat from engine 
cooling water and exhaust is largely recovered at low tempera- 
ture and must therefore be used as hot water. 

The heating of sludge through some form of heat exchanger 
outside the sludge tank has been tried with only partial success. 
Heating in an open tank may produce objectionable odors. An 
exchanger involving passing sludge through small piping is 
subject to trouble from clogging. In a large plant now under 
design it is proposed to use an exchanger built of 6-inch sludge 
pipe around which will be an 8-inch hot water jacket (see Fig. 
2). This will be installed in the pipe tunnel between the source 
of sludge and the sludge tanks. The pipe is large enough to 
prevent clogging, the system is enclosed and will not produce 
odors, can be cleaned with steam or hot water, is accessible, and 
its use helps to keep the sludge tank clear. Equipment for direct 
application of steam is to be provided for use when insufficient 
heat can be obtained from waste heat from engines. 


Conclusion 


In this discussion of problems in handling sludge, specific 
statements or detailed recommendations on how problems should 
be solved have purposely been avoided. The wide range in 
characteristics of sludge and the differences in conditions and 
requirements at various treatment plants make it difficult to 
draw general conclusions from experience. An effort has been 
made to call attention to a few experiences and to comment upon 
some difficulties encountered and the remedies which have been 
used to overcome them. Additional descriptions of experiences, 
particularly relating to procedures which have coped successfully 
with sludge handling problems, will be helpful. 
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SEWAGE AND SLUDGE PUMPING 


By HENRY RYON 


Late Senior Engineer 
State Department of Public Works, Albany, N. Y. 


Part I—Sewage Pumping 


During the past several years a very marked improvement 
has been made in the methods of pumping sewage and sewage 
sludge, and special pumps have been developed for this service. 
Only a few years ago, however, practically all sewage was 
lifted with pumps designed primarily for handling water. 

The centrifugal dredging pump driven either by a steam 
engine or an electric motor was used with a fair degree of 
success at many stations. While this pump would handle sand 
and gravel satisfactorily, rags would wrap themselves around 
the impeller and necessitate frequent cleaning of the pump 
either through hand holes in the volute or by the removal of 
the side of the case. It was not very efficient and the head 
was limited. The smaller and higher speed centrifugal pump, 
used successfully for pumping water, gave more trouble, due 
to clogging, when used for pumping sewage, than the dredging 
pump. 

Reciprocating pumps were used in many cases. These pumps 
clogged about as easily as the centrifugal pumps; and, if there 
were any sand or grit in the sewage, gave trouble due to the 
scoring of cylinders. At one or two large stations the crank 
and fly wheel pump was used and operated satisfactorily princi- 
pally because of its large size. The ordinary duplex steam 
pump served in a few cases. The single acting triplex pump, 
equipped with ball valves, although not entirely free from clog- 
ging, proved to be the most satisfactory of the reciprocating 
pumps and was used, and is still being used, successfully for 
pumping both sewage and sludge. Its cost is, however, greater 
than that of a centrifugal pump and it is rather noisy. It is 
worth noting that the design of the most modern reciprocating 
sludge pumps have apparently been copied from the old single 
acting triplex pump. 

At almost all of the old pumping stations the sewage was 
passed through bar or mesh screens to remove the rags and 
other solids from it before it reached the pumps. The clean- 
ing of the screens always proved a laborious and unpleasant 
task, and did not entirely do away with the necessity of clean- 
ing the pumps. 


The Pneumatic Ejector 


In order to eliminate the trouble of cleaning screens and 
pumps, the pneumatic or compressed air ejector was developed. 
This device, which was first used about fifty years ago, operates 
by allowing the sewage to flow into an iron or steel chamber 
and, when the chamber is full, automatically admits com- 
pressed air above the sewage thus forcing it out through the 
discharge line. The mechanism operates very successfully, and 
stories are told of ejectors having been lost for several years 
and when rediscovered were found to be operating satisfac- 
torily. It requires, however, air compressors, air tanks, and 
other appurtenances which make the first cost and also the 
maintenance expensive. In addition to this, the efficiency is 
very low. The overall or wire to water efficiency when the 
compressors are operated by electricity vary generally from 
10 to 20 per cent. At present, due to the improvements in the 
design of centrifugal pumps, ejectors are being used less and 
less except in the very small stations or for sludge and screen- 
ings handling. 


Pump Impellers , 


The improvement in the centrifugal sewage pumps has been 
largely in the design of the impellers or runners. There are, 
in general, two types of pump impellers, the open and the 
closed. The open impeller gives larger water ways with the 
same size casing, but solids clog between the impeller and the 
casing and rags wrap around the impeller blades. Increasing 
the clearances to reduce clogging, of course, reduces the effici- 
ency and does not prevent rags from stopping the flow. Open 
impellers, generally with only two blades, serve well in small 
sump pumps and also in sewage pumps of small capacities 





where a closed impeller small enough to give the desired capac- 
ity would not pass solids of any size. In most cases, however, 
the closed or semi-enclosed impeller is to be preferred. 


In the design of closed impellers for handling sewage, the 
water passages have been made wider than in water pumps, 
all sharp edges and turns have been carefully avoided, thus 
reducing the chance of clogging to a minimum. As a general 
rule pumps with impellers of this type will pass solids having 
diameters about one pipe size smaller than the size of the 
pump. One manufacturer is producing a pump with a worm 
feed to force the solids to the impeller of the pump and also 
cut and crush them against hard steel bars running longitud- 
inally of the screw case. Pumps of this type are giving sat- 
isfactory service in several western stations. A rather unique 
impeller is used in some English pumps. The impeller is open 
on the suction side and the blades are considerably wider at 
the shaft than at their ends. The edges of the blades pass 
very close to bars set on the inside of the case and macerate 
the solids entering the pump. 

It is customary to require the impellers of the pumps to 
be made of bronze but with ordinary sewage there seems to be 
no advantage in the use of bronze as compared with that of 
cast iron. A few pumps have been installed having cast iron 
impellers coated with enamel and they are said to be giving 
satisfactory results. The manufacturers claim a slightly higher 
efficiency for this impeller than can be obtained with the bare 
metal impeller. 


Submerged Vertical Pumps 


For the smaller installations probably the submerged vertical 
centrifugal pump is the most commonly used. The sump may 
be made of cast iron or steel or may be of concrete. The 
motor and pump are both supported on a removable iron 
cover so that the pump can -be lifted out of the sump for 
cleaning and repairs. Enough head room must, of course, be 
provided to allow the suction to clear the top of the sump 
when the pump is lifted out. It is also desirable that the 
discharge be brought up through the same plate so that it 
may be easily disconnected. In unheated pump houses, however, 
it is sometimes impossible to do this without danger. of the 
sewage in the discharge line freezing. Where short separate 
discharges can be used, freezing can be avoided by omitting 
the check valves and allowing the sewage in the discharge 
pipe to flow back into the sump after each discharge. If 
screens are to be omitted it is usually advisable to provide 
a pump not smaller than 3 inches in size. Such a pump will 
have a capacity of from 50 to 300 gallons per minute, depend- 
ing upon design of the impeller and the speed of the motor. 


Float Controls 


Sewage pumps are usually automatic in operation and the 
arrangement of the float control deserves more attention than 
it generally receives. The float may be connected to the electric 
switch either by a push rod or by a chain running over pulleys 
with a counterweight to balance the float. Either method 
operates satisfactorily if properly arranged. Floats that hang 
unprotected in the sump are apt to be moved sideways by the 
motion of the sewage causing the chain or rod to bind, or 
the rod to bend, making the float inoperative. In some designs 
the rod has a guide at the bottom to prevent such motion, 
but if the rod sticks in the guide or leaves the guide its inac- 
cessible location makes it very difficult to repair. The lever 
float, sometimes used, has generally proved very unsatisfactory 
for sewage because rags are apt to collect on the lever and 
prevent its operation. As in the case just mentioned it is 
generally very difficult to reach such a float to repair or adjust 
it. The best design is one in which the float is arranged in a 
tube to guide and protect it and a removable cover plate 
provided over the tube so that the float can be readily lifted out. 
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Pumps in Separate Dry Wells 


For the larger pump stations, and even in the small stations 
when the conditions will permit, the installation of the pumps 
in a separate dry well makes the most satisfactory arrangement. 
This leaves the pumps and their appurtenances accessible for 
repairs and adjustment. The pumps may be either vertical 
or horizontal. The vertical pumps have the advantage of requir- 
ing a smaller pit and of keeping all electrical equipment above 
ground and free from danger of flooding, while on the other 
hand the horizontal pumps are easier to keep in adjustment and 
alignment. If the pit is deep, one or more guide bearings will 
probably be required on the shafts of vertical pumps as it is 
necessary to divide the shafts into lengths of not more than 
8 or 10 feet to prevent vibration. I-beams are usually set 
across the pit to carry these bearings, but it is often difficult 
to set these beams so as to get a perfect alignment of the 
shaft. In order to avoid this difficulty, several manufacturers 
are building steel lattice frames extending from the motor 
to the pump. The pump and motor can then be aligned at the 
factory with very satisfactory results. In some cases the 
motor, shaft and pump have been attached to a heavy channel, 
aligned at the factory, and shipped as a unit. 

With the pumps in a separate dry well it will usually be 
necessary to provide some means for removing seepage from 
the well. This may be done with a separate automatic sump 
pump, or, if a cheaper installation is desired, a small valved 
connection may be made from the suction of one of the main 
pumps to a sump and the sump emptied at intervals by closing 
the main suction valve and opening the connection to the sump. 


Design of Suction Well 


The shape of the bottom of the suction or wet well is of 
considerable importance. If it is left flat, solids will collect 
in the bottom and ferment giving rise to unsatisfactory con- 
ditions. The floor of the wet well should have a steep slope 
toward the pump suctions. 

In some cases where the sewage is warm and contains con- 
siderable grease, trouble has been experienced due to the 
grease congealing on the walls of the well and then breaking 
loose in large pieces and entering the pumps and clogging them. 
The openings in the impellers of 4-inch horizontal sewage 
pumps have been stopped several times by this cause. 


Bearings and Glands 


There does not appear to be very much choice in regard to 
the type of bearings used, ball bearings and sleeve bearings 
seem to serve equally well provided they are properly oiled. 
Ball bearings are, however, usually provided to take the thrust 
or to carry the weight of the impeller of a vertical pump. 
The part of the shaft that passes through the stuffing box 
should be of bronze or covered with a bronze sleeve otherwise 
difficulty will be experienced in keeping the packing in condi- 
tion. This stuffing box is usually provided with a water seal, 
although grease seals and special devices are sometimes used. 
In water pumps the water for the seal is usually taken from 
the volute of the pump. With sewage pumps, however, this is 
not advisable for the solids in the sewage are apt to clog the 
small passages and also because the grit in the sewage will 
reach the packing and cut the pump shaft. To avoid the pos- 
sibility of the pollution of the clear water with sewage, the 
water must usually be taken from a constant level tank sup- 
plied from the water lines and not directly from the lines 
themselves. With double suction and open impeller pumps, 
if there is a suction lift, there will probably be vacuum on 
the pump side of the stuffing box and the water seal serves 
to prevent the entrance of air. With end suction pumps, with 
enclosed or semi-enclosed impellers, there may a pressure 
on the pump side of the stuffing box. The water seal then 
serves to prevent the grit in the sewage from reaching the 
packing and cutting the shaft. The pressure on the water 
seal should of course be greater than the sewage pressure. 

Centrifugal sewage pumps will operate satisfactorily if set 
as high as 15 feet or even a little more above the sewage 
level, but in such cases special priming devices must be pro- 
vided for the ordinary method of priming, by filling the suction 
trom the discharge line, cannot be used because it is inadvis- 
able to attach a foot valve to the bottom of the suction. While 
special priming devices can be used, it is better, if possible, 
to locate the pumps below the level. 


W. W. & S. — REFERENCE & DATA — 1945 






Efficiency and Head 


The non-clogging centrifugal pumps will generally give 
all efficiencies varying from 35 per cent for the smaller dare 
65 per cent for the larger pumps. The lift of sewage pum » 
usually low and most of the pumps are designed for vay 
under 40 feet but pumps can be obtained that will lift Sewage 
against heads as high as 75 or even 100 feet. Beyond 
head two stages are needed, but the ordinary type of mul. 
stage pump used for water cannot be used because of the 
sharp turns and the narrowness of the water passages, At 
a station where it was necessary to raise sewage 180 feet 
two pumps connected in series on the same base, with th, 
motor between them, have been used successfully. The overal} 
efficiency of the unit was found on test to be 35 per cent 


Hydraulic Characteristics of Centrifugal Pumps 


With centrifugal pumps, careful attention must be given 
the hydraulic characteristics of the pumps in designing a pump. 
ing station, particularly if the discharge line is of any consi 
erable length. 

If an engineer desires a pump to deliver 300 gallons 
minute against a head of 20:-feet he is very apt to add a litt, 
to the head for safety and specify that the pump shall deliye 
300 gallons a minute against a head of say 21 feet. A typicy 
4-inch pump will meet these specifications almost exactly, an 
will require about 2% horsepower to operate it and, a 3-horg. 
power motor will serve satisfactorily. If, after installation 
it is found that the actual head is only 18 feet instead of 2 
feet, due to some unforeseen condition or due to the fact tha 
the engineer figured his friction for 10 year old pipe and th 
pipe is actually new pipe, this pump will deliver 600 gallons 
per minute instead of 300 gallons per minute and will requir 
3% horsepower. The 3-horsepower motor will in that cay 
be overloaded. Conditions similar to this occur very frequently 
and it is best in all cases to require the motor to be of sui. 
ficient size to operate the pump without overheating at any 
head between the maximum and zero. 

When two or more pumps are connected to the same dis. 
charge line, the reverse condition often occurs. If two pumps, 
having the characteristics mentioned above, are connected to 
a single discharge line, one pump operating alone will discharge 
300 gallons per minute. When both pumps are put in operation 
the friction loss in the discharge line will of course increase. 
With the particular 4-inch pump just mentioned, if this increas 
is only about 1% feet (from 21.0 feet to 22.6 feet) the dis 
charge of each pump will be reduced to 200 gallons a minut 
or the total discharge of the two pumps will be about 400 gal- 
lons per minute or only slightly greater than the discharg 
of one pump. For this reason it is often found desirable, 
especially with long discharge lines, to arrange the controls 
so that one pump will shut off entirely and the second pump, 
designed for a larger capacity and a little higher head, wil 
start when the sewage flow exceeds the capacity of the first 
pump. 

Multispeed motors are sometimes used to meet these conéi- 
tions but such motors operate only at certain fixed speeds ani 
it is generally difficult to design the pumps to obtain th 
desired capacities at these motor speeds. Any desired speed 
may be obtained by using variable speed motors, but if this 
is done the losses in the resistances greatly reduce the overall 
efficiency of the pumping equipment. 

At the Harlem Valley State Hospital pumping station whic 
contains 8 4-inch 450 gallon per minute pumps, a special arrange 
ment was used. As each additional pump starts the friction 
loss in the discharge line increases approximately 6 inches. 
The controlling float and float switches are so arranged that 
as each additional pump starts the sewage level in the suction 
well is automatically allowed to rise 6 inches. Thereby, the 
total head, and consequently the discharge of each pump, always 
remains the same and has proved a distinct advantage. 


Suction Line Difficulties 


There are several matters in connection with the arrangement 
of centrifugal pump suction lines, particularly where there 
is some suction lift, which, while. they seem very simple, have 
caused engineers and operators considerable trouble. There 
must be no high point in any suction line where air or sewage 
gases may accumulate. 


eccentric reducer with the flat side up. 
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lated air will expand, flow to the pump, and stop its operation 7 
The reducer at the pump must for this reason always be a7 
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When one pump is in operation it is often impossible to start 
the second without shutting down the first and starting both 
together. A slight leak in the stuffing box of one of the idle 
pumps will many times admit enough air to interfere with the 
operation of the other pumps. Even when the pump that is 
not to be operated is entirely shut off, air will frequently 
accumulate in the riser from the common suction to that 
pump and will expand when the other pump or pumps are 
started and enter them and prevent them from operating. 


Part Il—Sludge Pumping 


Pumps designed for moving or lifting sewage sludge may, in 
general, be divided into two distinct classes, displacement pumps 
and centrifugal pumps. Since these two classes differ radically 
‘n their design and operation and present entirely different prob- 
lems for those in charge of them, it is necessary to consider them 
separately. The advantages and disadvantages of each class are 
matters which engineers and operators are not entirely agreed 
upon. Displacement pumps are unquestionably more easily primed 
than centrifugal pumps when there is a suction lift and will 
probably handle small quantities of Sludge more readily than 
ifugal pumps, but beyond this it is doubtful whether the 


centr! ‘ - Sate 
advocates of either class will admit the superiority of the other. 


Displacement Pumps 

The modern displacement pumps used for handling sludge are 
always of the single acting reciprocating type, and are usually 
electric motor driven plunger pumps having one, two or more 
cylinders. The makes most commonly used generally have 
cylinders about ten inches in diameter and strokes adjustable from 
about two to five inches. The pumps are connected to the motors 
by gears, belts or chains and the motion transmitted to the 
pistons by walking beams or eccentrics. Each manufacturer 
apparently believes that the transmission used by him is the 
best, but in practice there seems to be little difference. 


Transmission 


Certain matters in connection with the transmission are, 
however, of importance. If it is desired to have the pump run 
smoothly it is usually best to keep the speed of the main pump 
shaft below about thirty-five revolutions per minute. This gives 
a piston speed of thirty feet a minute or less, a low figure as 
compared with the usual figures for water pumps; but the 
strokes of these sludge pumps are very short and the frequency 
of the reversals seem to be of more importance than the actual 
piston speed. Pumps of this type are generally arranged so that 
the length of the stroke can be changed by shifting an eccentric 
or, which amounts to the same thing, altering the length of the 
crank arm. This makes it possible to obtain several different 
rates of discharge, but experience indicates that the use of the 
shorter strokes is not always entirely satisfactory. The pumps in 
most cases do not operate as smoothly with the short strokes as 
with longer ones, the slip is greater and the efficiency lower. The 
use of multi-speed motors and variable speed transmissions, 
although more expensive, afford a more satisfactory and efficient 
method of changing the pump capacities to suit the conditions, 
and where available should be used in preference to changing 
the length of the stroke. 


Packing 


Like all reciprocating pumps the sludge pumps must be packed 
to prevent leakage between the pistons and the cylinders, and 
this packing is one of the most frequent causes of trouble in the 
operation of the pumps. The packing may be either on the 
cylinder or the piston. Generally it consists of from 4 to 6 rings 
of % inch to % inch packing held in place by an adjustable metal 
ring or gland. If the packing is too tight, scored pistons or 
cylinders and broken shear pins will be the result. If the pack- 
ing is too soft, too loose or improperly placed it will leak, and 
since the pumps are outside. packed this means that the pumps 
and probably the floor around them will soon be covered with 
sludge which does not add to the attractiveness of any sewage 
treatment plant. Opinions differ as to the most satisfactory type 
of packing. Generally a square braided flax packing serves as 
well as any. A graphited packing may be desirable to prevent 
unsatisfactory conditions due to rust where the pumps stand idle 
for a considerable time. Rawhide packing is satisfactory but 
does not seem to be necessary except with certain chemicals. 
The packing must fit and must be properly placed. In cutting 


the packing it is well to use a template into which a — 
n this 


packing exactly the length of one ring can be fitted. 


way each ring will have the same length and the same bevel. 
The method of oiling the packing varies with the make of the 
pump. Generally it is found that a fairly heavy oil such as a 
good grade of cylinder oil gives the best results. Oils known as 
“500 W” and “Marine Pump Oil” are in common use. A light 
oil disappears very rapidly. Under continuous operation the 
packing will usually last about 3 months, but under intermittent 
operation it may last a year or two. Manufacturers have recently 
been giving more attention to the finishing of the pistons and 
cylinders, in some cases grinding them. This has made it easier 
for operators to keep sludge from leaking between the pistons 
and cylinders but has not done away with the necessity for 
careful packing. 


Valves 


Each cylinder of a reciprocating pump necessarily has an inlet 
valve and a discharge valve. These valves may be weighted flap 
valves or ball valves. Each type has its advocates although at 
present the ball valves seem to be preferred by most operators. 
Spring loaded poppet valves which operate satisfactorily in water 
pumps obviously cannot be used for liquids containing an appre- 
ciable amount of solids. No mater which type is used the 
valves will require some attention from the operator. With raw 
sludge the valves may require cleaning from two to three times 
a day to two or three times a week. If the pump is handling 
activated or secondary tank sludge, cleaning will of course be 
required less frequently. Fibrous material will collect under the 
hinges or flap valves and rags will accumulate under ball valves 
holding the valves off their seats and rendering the pump inopera- 
tive. Metal flap valves wear at the hinges so-that the flap will 
not seat properly and soon require replacement; Valves of rub- 
ber with rubber hinges clog less frequently than metal valves 
because of their smoother surfaces, but the rubber hinges are 
inclined to swell and split and it is difficult to turn them back 
for cleaning. Ball valves are usually of rubber moulded on an 
iron core. If they are to operate satisfactorily, careful attention 
must be given to the quality of the rubber, the balance of the 
valve and the weight of the core. Valves made of a poor 
quality of rubber will sometimes swell and stick, and cases are 
on record where the rubber has softened so as to allow the ball 
to be forced into the piping stopping the pump. The valve must 
balance or the ball will always seat at the same point and wear 
rapidly. The weight of the valve must be suitable for the con- 
ditions under which it will operate. 


Pounding or Knocking 


One of the most frequent complaints heard regarding the 
operation of reciprocating pumps is that they knock or pound. 
This is due to various causes. Since sludge lines are usually com- 
paratively short, the high water hammer stresses sometimes en- 
countered at water pumping stations are seldom of importance, 
but the flow of liquid in the suction and discharge lines must be 
stopped and started with each stroke (single cylinder pump with 
no air chamber), the valves must close and in doing so strike 
the seat, and each stroke causes a reversal of stresses in the 
piston, the crank and the connecting mechanism. These condi- 
tions cause pounding which cannot in all cases be entirely elimi- 
ng The subject is too complicated to be discussed in detail 

ere. 

The stresses and pounding due to starting and stopping the 
flow in the discharge line can be generally alleviated by the use 
of an air chamber, but the air chamber must be large to be of 
any value. The same thing is true of the suction line, although 
an air chamber is not so frequently used at this point. One 
manufacturer provides a small air inlet valve on the suction of 
the pump which if properly adjusted seems to make the pump 
operate more smoothly, but of course somewhat reduces its 
capacity and efficiency. 

Valve slam is sometimes due to the fact that the direction of 
flow through the valve reverses and acquires considerable ve- 
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locity before the valve closes. 


the ports. 


The knocks due to the reversal of stresses in the different parts 
of a pump are the same as those which occur in any reciprocat- 
If there is any lost motion in a main bearing, 
eccentric, wrist pin or other part there will be a knock each time 
All bearings 


ing machine. 


the stresses are reversed. The remedy is obvious. 
must be properly adjusted and kept properly lubricated. 


Centrifugal Pumps 


Centrifugal pumps, if they are to handle sludge successfully, 
This makes it 
necessary to use end suction pumps at least 4 inches in size with 


must pass solids without frequent clogging. 


as few bends and sharp corners in the liquid passages as possible. 


The impellers usually have only two blades with long sweeping 
curves and are either fully enclosed or have a shroud on one 
side. Open impellers clog very rapidly when the liquid con- 


tains rags. Even with these precautions, it is generally desirable 
to have hand holes or other means of access to the interoir. 


One pump manufacturing company equips its centrifugal sludge 
pumps with a screw to force the sludge into the pump and to 


macerate the solids as they enter. Pumps of this type have been 
in operation at a number of plants for several years. Similar de- 
vices are being made by some other manufacturers but have not 
as yet come into extensive use. 


Capacity and Regulation 

A 4-inch centrifugal pump will readily discharge 100 gallons 
a minute and in some cases as low as 50 gallons a minute, but if 
capacities below this are necessary some difficulty is apt to be 
experienced unless provision is made for reducing the speed 
below that which can be obtained by a direct connected motor. 
Variations in head, of course, cause variations in the capacity 
of a centrifugal pump and if a definite quantity of discharge is 
required some method must be provided to compensate for these 
variations. In many plants it is necessary to change the quantity 


POWER AND HEAT EQUIVALENTS 


1 horsepower-hour = 0.746 kilowatt-hour = 1,980,000 foot- 
pounds = 2550 B. T. U. (British thermal units) = 2.64 
pounds of water evaporated at 212° F. = 17 pounds of water 
raised from 62° to 212° F. 

1 kilowatt-hour = 1000 watt-hours = 1.34 horsepower-hour = 
2,653,200 foot-pounds = 3,600,000 joules = 3420 B. T. U. = 
3.54 pounds of water evaporated at 212° F. = 22.8 pounds o 
water raised from 62° to 212° F. 

1 horsepower = 746 watts = 0.746 kilowatt = 33,000 foot-pounds 
per minute = 550 foot-pounds per second = 2550 B. T. U. 
per hour = 42.5 B. T. U. per minute = 0.71 B. T. U. per 
second = 2.64 pounds of water evaporated per hour at 212° F. 

1 kilowatt = 1000 watts = 1.34 horsepower = -2,653,200 foot- 
pounds per hour = 44,220 foot-pounds per minute = 737 
foot-pounds per second = 3420 B. T. U. per hour = 57 
B. T. U. per minute = 0.95 B. T. U. per second = 3.54 
pounds of water evaporated per hour at 212° F. 

1 watt = 1 joule per second = 0.00134 horsepower = 0.001 kilo- 
watt = 3.42 B. T. U. per hour = 44.22 foot-pounds per min- 
ute = 0.74 foot-pounds per second = 0.0035 pounds of water 
evaporated per hour at 212° F. 

1 B. T. U. (British thermal unit) = 1052 watt-seconds = 778 


a 
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This velocity may then carry 
the valve to its seat rapidly enough to cause a heavy blow when 
the motion of the valve and the liquid is suddenly stopped. This 
reverse flow of water through the valve is of course slippage 
and reduces the efficiency of the pump as well as causing valve 
slam. The valve should, for these reasons, bé heavy enough and 
so arranged as to close as quickly as possible, and yet not inter- 
fere with the operation of the pumper by reducing the area of 





of sludge delivered from time to time and provision 

for so doing. Theoretically, throttling might accomila mate 
ends, but throttling is not desirable when pumping sii 
careful adjustment of the quantity of sludge delivered is i 
sary the only practical method of regulations seem to ip 
change the speed of-the pump. Variable and multi-speed » 
will do this within limits but are not as satisfactory as som 
the variable speed transmissions available. These transmissi 
while expensive, make it possible to obtain almost any capac: 
within the limits of the pumps. It must not be forgotten, hoe 
ever, that a centrifugal pump will give its highest effici : 
one definite speed and capacity and that as the speed and capaci 
are changed the efficiency may fall off rapidly. This is oateralt 
of more importance when the pumps are in continuous operatin, 
than when they are operated intermittently. 


Priming and Seals 

Centrifugal pumps will not handle air and when they are used 
careful consideration must always be given to priming and t 
the elimination of air pockets in the suction line. To facilitate 
priming, centrifugal pumps should if possible be set below th 
surface of the liquid in the suction well. If the pump must 
set above the level of the liquid some means of priming must 
provided. Foot valves which are often used with water 
will not serve satisfactorily with pumps handling sludge. Vacuum 
systems are available and operate satisfactorily if kept in cond. 
tion, but mean added expense of installation and more equipment 
for the operator to maintain. 

The impeller shaft of every pump of this kind must pas 
through the pump casing and therefore requires a stuffing box 
to prevent leakage. On water pumps these stuffing boxes ar 
provided with water seals and the water taken from the pump. 
The material handled by a sludge pump is not, however, suitable 
for the seals and water must be obtained from some source. 
A direct connection to the water system cannot be used due to 
the danger of polluting the water supply with sludge. If the 
building is high enough a small tank fed over the top and con- 
trolled by a float valve may be used as a source of water. The 
height of the tank must be greater than the discharge head of pum 
or the sludge will be forced into the packing and probably result 
in the scoring of the shaft. If the tank cannot be set high enough, 
a small pump may be used to supply water to the seal. Grease 
seals and other special devices are sometimes used but are not as 
satisfactory as water seals. 


foot-pounds = 0.252 calorie = 0.000292 kilowatt-hour = 
0.000391 horsepower-hour = 0.00104 pounds of water evapo- 
rated at 212° F. 

1 foot-pound = 1.36 joule = 0.000000377 kilowatt-hour = 
0.00129 B. T. U. = 0.0000005 horsepower-hour. 

1 joule = 1 watt-second = .000000278 kilowatt-hour = 0.00095 
B. T. U. = 0.74 foot-pound. 


EQUIVALENTS OF OUNCES IN WATER 
AND MERCURY 





Inches of Inches of Inches of Inches of 

Ounces Water Mercury Ounces Water Mercury 
oa 521 .038 8 13.9 1.020 
576 1.0 .073 9 15.6 1.148 
1 1.7 128 10 17.4 1.275 
2 3.5 255 11 19.1 1.403 
3 5.2 383 12 20.8 1.530 
4 6.9 510 13 22.6 1.658 
5 8.7 638 14 24.3 1.785 
6 10.4 765 15 26.3 1.913 
7 12.2 893 16 27.8 2.036 
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MAINTENANCE OF SEWAGE PUMPING STATIONS 


r A. L. SODEN 
hief Operator 
Sewage Treatment Works, Trenton, N. J. 


HE writer, after some fifteen years of experience with seven 

pumping stations containing twenty-seven pumps with ca- 
pacities from 50,000 to 11,000,000 gallons per day, has come to 
the very definite conclusion that maintenance of this type of 
equipment involves three main objectives, proper lubrication, 
cleanliness. and frequent detailed inspection. At first thought the 
frst two involve the last, but dumping oil or grease into a ma- 
chine plus wiping it off do not constitute inspection any more 
than feeding and bathing a baby is a substitute for a doctor’s 
periodic checkup. The point I wish to drive home is that good 
maintenance catches trouble before it starts and postpones indefi- 
nitely the day when the machine must be scrapped for any other 
reason than obsolescence. ; | a 

The use of good oil and grease is a very essential item. Lubri- 
cants not suited for each particular piece of equipment may, how- 
ever, no matter what they cost, do more damage than a cheap 
oil of a suitable character. It must be kept in mind that too 
much oi! in many cases tends to cause more wear than too little, 
due to the fact that dust, always present in the air, will mix 
with the oil and act as an abrasive when passing through the 
bearings. This situation is more serious in a gravity or pressure 
feed system than with the oil reservoir type. 

It is axiomatic that efficient lubrication is a matter of using 
good lubricants, properly selected, in the correct quantity, at the 
right intervals. Neglect or omission of any of these factors means 
accelerated depreciation and breakdown. 


Low Price—High Cost Lubricants 


Cheap lubricants are costly in the long run and if the average 
operator would only sit down and figure the total saving per year 
in a few cents less per quart of oil, or pound of grease, as against 
many dollars for new bearings, sleeves and shafting, damaged by 
cheap “bargain” goods he would realize that the best is none too 
good. We had an example of this in Trenton where for a time 
the purchasing department paid twenty-seven cents per gallon for 
automobile oil which was bought on a price basis. 

Even though good materials are supplied, one must be certain 
that they are of the right weight, viscosity, etc., for the job and 
the only way to be certain is to follow the manufacturer’s recom- 
mendation for the unit being serviced, or, if this is not available, 
call in a lubrication engineer from one of the big companies. You 
will note the word “engineer”—beware of smooth talking sales- 
men with trick oils that never wear out, made by some magical 
process and sold at high prices under a fancy name. 

It may seem proper to the average person that as long as the 
correct amount of oil or grease is in a bearing and no noise or 
heat is noticeable that the machine could run indefinitely. This, 
however, is not true as many pieces of equipment are installed in 
damp wells where condensation is present, the worst enemy of 
any bearing no matter what type lubrication is used. 

Gravity or pressure feed lubrication systems with an oil filter 
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in the line do not require as much attention as equipment having 
the oil reservoir. A good method to follow is draining and 
flushing these types of bearings and refilling with new oil at 
least every six months, and in some instances where water is 
present, every three months. 


Shaft Bearings 


Many line shaft bearings are made for grease lubrication and 
can be run with safety on equipment in small booster stations for 
about a year before flushing and repacking with new grease. We 
have found through past experience that it is sound economy to 
remove the bearings from the shafts and wash thoroughly in 
gasoline or kerosene, both the bearings and the oil reservoirs, 
thus removing all traces of moisture, old grease and foreign mat- 
ter at least once a year. This procedure should be more frequent 
in a plant where the equipment is running continuously. Care 
should be taken to put the right amount of grease in a bearing 
as too much causes bearings to heat through increased friction. 

An oil filter, if used, should have at least twice the capacity of 
the lubricating system. This unit is used to separate the water 
and oil in a primary chamber and, in a secondary compartment, 
dirt in the oil which has a tendency to collect in bearing boxes, 
and any scaling which may develop in the oil lines. Such is par- 
ticularly true if the latter are constructed of iron or steel pipe 
and fittings. Copper tubing or brass pipe and fittings are the 
only materials which should be used, thus preventing damage to 
hearings due to the stoppage of the oil grooves by pieces of rust 
or scale which come from iron or steel pipe, even though these 
be galvanized. 

The matter of cleanliness around any machinery is a very im- 
portant factor not only for looks but for the good of the equip- 
ment. It must be kept in mind that next to water, dust and dirt 
are the most destructive enemies to motors, bearings, controllers, 
starting switches, and many other pieces of electrical equipment 
that are found in a pumping station. 


Motor Care 


Motors must be kept free from water, oil and dirt. A good 
method of cleaning the interior is with compressed air or a bel- 
lows. When using compressed air care must be taken to be cer- 
tain there is no moisture in the storage tank that could escape 
through the nozzle used for cleaning. Cleaning motors with com- 
pressed air should never be done by an amateur. The older the 
motor the more brittle the insulation and high pressure air 
through too small a nozzle can be very destructive to the motor 
insulation. 

An excellent plan is to give the motors a thorough cleaning 
once every six months and at least once every two years give the 
windings a coat of a good grade of insulating varnish. At this 
time the bearings should be thoroughly cleaned and refilled with 
new oil, or repacked with new grease. 
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The Treatment Works of Trenton 


One Battery of Imhoff Tanks and Pumping Station 
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The brushes should move fr i 
brush holders, with the proper pa A the 
sion as recommended by the man = 
If they do not move freely, a good Contac, 
with the commutator will not be made due 
ing the starting period. Both brushes and 
brush hoiders should be inspected Period; 
cally to see that the brushes have not wor, 
down to a point where they are 5s short 
that the brush holder springs cannot Press 
the brushes against the commutator thus 
causing burning of the brushes and commuty. 
tor through arcing. 


Motor-cleaning 


It is a good policy in the case of single 
phase motors, having a short-circuiting de. 
vice, to overhaul once every year. Motor; 
of this type are.hard to clean if not dis. 
mantled and every part thoroughly washed. 
There should never be any trouble at this 
point except for an abnormal accumulation 
of dirt or frequent overloads in excess of 
the maximum capacity of the motor. 

The normal running temperature of ap 
electric motor is considered a few degrees 



























Shop and Tool Room of the Main Pumping Station—Trenton, N. J. 


Contactors 


Contactors often give an operator more or less trouble due to 
particles of dust becoming imbedded in the contact fingers. It is 
a good plan never to use any lubricant on the main contact tips 
which are mostly constructed of copper, as oil or grease has a 
tendency to shorten the life of these items. If they should be- 
come pitted or burned, which in many cases cannot be avoided, 
remove the contact tips and clean up with a smooth file or very 
fine sand paper. Care should be taken when attempting to clean 
contacts in place not to bend or misalign the parts. 

If the operating force is large enough it is a good policy to 
assign different parts of the equipment and pumping station to the 
shift operator or oilers and set up a system whereby the entire 
equipment and pumping station is cleaned at least once every 
month from top to bottom, besides the daily routine sweeping, 
mopping and dusting. 


Insurance in Cleanliness 


This, however, does not mean that the equipment should be dis- 
mantled and reassembled but it is important to get the dust and 
dirt, which is on the surface, before it has a chance to pene- 
trate to the vital parts of the machinery. It will not work a 
hardship on any member of the operating force to do a little 
cleaning now and then, no matter what the title of the job he 
holds. By doing this a man gets around and has a chance to 
inspect parts of the equipment which he otherwise would not 
give a second glance unless trouble should develop in that par- 
ticular spot. 

To be clean is to be free from dirt, odor and keep tidy. There 
is no reason why a pumping station should not be kept clean, no 
matter what type—water or sewage. A little attention to clean- 
liness will result in continued satisfactory operating results and 
enable the operator to get the most efficient results and best 
service out of the equipment for many years. 


Thoroughness 


Maintenance of any piece of equipment should be as thorough 
as a doctor’s examination, not just the usual haphazard method 
of looking or just glancing in the direction of the machinery. A 
system of inspection should be drawn up and followed to the 
letter. 


Commutators and Brushes 


Detailed inspection of motors, shafting, electrical equipment, 
pumps and piping should be done by men qualified through years 
of experience for they know what to look for in each unit. 

In the case of single phase motors, commutators become rough 
and burned through continuous operation, dust and oil accumu- 
lating being the chief cause. Commutators should be polished 
with sand paper on a flat block of wood so that the insulation 
between the segments will be cut back even with the copper. 
Under no circumstances use emery cloth or emery paper in this 
operation. A commutator hone with the correct radius is the 
most efficient tool to use for this purpose. 


above the room temperature and should 
never be allowed to exceed the general stand. 
ard of forty degrees centigrade above syr- 
rounding atmosphere. Motors will carry a 
full load continuously with no cause for concern if the room js 
well ventilated. Overloads or undue friction in the bearings will 
cause the temperature to rise and should be investigated imme. 
diately to remedy the trouble. 

Motors of different sizes have their own peculiar sound when 
running, so an operator after a time will become accustomed to 
this sound and should any noise not characteristic to the motor 
develop, he will immediately detect it and look for the trouble 
and remedy it before any damage has been done. 


Shafting and Bearings 


Shafting in any plant requires attention more often than other 
parts of the equipment, to insure the longest possible life of the 
shaft and the shaft bearings. Shaft alignment may be as true as 
it is humanly possible to make it, but it will not necessarily stay 
aligned. A bearing wearing due to friction may cause a slight 
whip in the shaft and be transmitted to the other shaft bearings, 
thereby causing added play from vibration. A periodic check of 
the shaft alignment is most advisable. 

Bearings on any shafting should be painted a light color, so 
when a bearing gathers too much heat the paint will discolor and 
can be detected immediately Many plants have a thermal over- 
load device which stops the unit when too much heat develops in 
any shaft bearing. The operator must go to the bearing indicated 
on the panel and reset the overload switch before the machine 
can be started again. 

In plants which do not have such a device to depend on an 
operator must go to each bearing and rely on his sense of feel- 
ing, even this method will not tell the true story. A thermometer 
should be used in any and all cases where there is a suspicion of 
too much heat. Generally after a bearing has carried excessive 
heat it is too late even for a thermometer, instead a new bearing 
is indicated, this being true where periodic inspection is deficient. 

When a shaft bearing becomes worn, no matter how little it 
is false economy to leave it in service. Worn shafting will vi- 
brate and promote undue wear on both motor and pump bearings 
where direct connected. A bearing in this instance would be 
cheaper to replace than try to get by with, as possibly a whole 
section of shaft or motor and pump bearings will be ruined in a 
short time. 

In stations that are automatically controlled by float or pres- 
sure switches and no attendant is on duty any length of time, tt 
is advisable to paint the shafting to protect it against rusting. No 
metal will gather rust more quickly than a highly polished piece 
of steel. By doing this the unit can be wiped off and be kept 
































clean. 

Polished shafting should never be cleaned while the machine 
is in operation. Although a much better job can be done it is 4 
very dangerous practice. Use of emery cloth should be avoided 
as the residue may enter the shaft bearing boxes and cause 
trouble. A good cleaning with soap and water and polishing 
with metal cleaner will give the best results and not endanger the 
man doing the cleaning. 

It is very important to have uninterrupted operation in many 
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where no standby units are installed. In case of power 


are sufficient emergency lights should be available and spe- 
“ial jumpers made up for continuous operation in case of burned 


out starters, float switches, etc. 


Emergency Wiring 

Rubber covered elevator cable is the most desirable material 
for emergency wiring, using copper lugs at either end of each 
This will simplify connecting to the motor and main or 
branch switches, thereby removing from service the broken 
starter or float switch. Manual control will be necessary in the 
case where the float switch is not working. The size of the wire 
used for jumpers depends upon the size of the motor. This, how- 
ever can only be applied to small low voltage motors of the 
“across the line” type. In case of large motors such as 50 HP, 
2,300 volt, consult an electrical engineer for advice. 


wire. 


Pump Care 


Necessary tools and equipment should be on hand in case of 
pump failure due to clogged impellers or any overload which 
would cause fuses to burn out or overload switches to kick out. 
Any pump being overloaded can be detected by the sudden rise 
of the ammeter. 

Wearing rings in the pump case and on the impeller should be 
checked occasionally for clearance by using a thickness gauge. 
Install new rings when the gap has become large enough to im- 
pair the efficiency of the pump. New rings installed will improve 
the pumping capacity, thereby effecting a saving in the electric 
power consumption. 


Packing Pointers 


A most important factor, one which can cause much annoy- 
ance to the operator and plenty of damage to a pump is the 
proper size and grade of packing. For pumps handling dirty 
water—sand and grit—a packing should be selected with some 
thirty-five per cent lubrication, thus saving the sleeves from being 
worn too quickly and excessive seepage at the stuffing boxes. No 
gland should ever be pulled down with a wrench except at such 
times as to effect the proper seating when new packing is in- 
stalled. Stuffing box gland nuts should never be more than finger 
tight, as too tight a packing will cause a braking effect on the 
pump shaft thereby overloading the motor. 

Care should be taken when repacking any piece of machinery 
to see that the strands do not twist while being forced to the 
bottom of the stuffing box. Never under any circumstance use 
more packing ina stuffing box than is absolutely necessary to 
keep the pump from leaking at this point. 

Consult a packing engineer if in doubt as to what grade of 
packing the unit may require. Experimenting with packing in a 
pump sometimes is very costly. 

The piping in most instances will require little or no attention 
other than caulking a few leaks that may develop, or removing 
clogging material which can readily be detected by the use of an 
ordinary steam pressure gauge. A sudden rise of the gauge when 
connected to the force main will indicate clogging. It is of 
course necessary to know the normal reading for comparison. 


Check Valves 


Check valves should he inspected at least once every six 
months, including internal parts. At this time the seats, clapper 
faces, and whole interior can be thoroughly cleaned. At more 
Irequent intervals test valves for tightness. Manila paper 
should be used for the cover gasket after being well oiled with 
machine oil before installing. 

The building housing the equipment must be maintained as 
well as the machinery. The roof must be kept in constant repair 
so there is no. possibility of water leaking through on the elec- 
trical apparatus thereby causing untold damage. Floors should 
be painted and rubber matting placed thereon at points in front 
and rear of the switchboard to protect the operator and on the 
floor where traffic is the heaviest, for appearance. Walls in the 
dry well should be inspected and repaired when necessary to pre- 
vent any seepage of sewage or ground water. 

All wood work in the entire building should be painted or 
varnished at least every two years to protect against dampness, 
also to keep the appearance of the station up to par. Costly re- 
pairs may be caused by neglecting any part of the building. 


Tools 


It must be understood that no person can do repair work 
without the proper tools. A suggested list of tools to be included 
along with those supplied by the pump manufacturer are: 


Tool List 


Socket Wrench Set (sizes 7/16” to 1%” inclusive). 

Pliers—2 pair (1—slip joint; 1—side cutting). 

Screw Drivers—set of 3 (3, 4 and 6 in. blades). 

Stillson Wrenches—two (one 10” and one 18”). 

Hammer (machinist’s, 2 pound). 

Oil Cans—3 or 4 (spout oilers, plainly marked as to contents). 

Putty Knife (for scraping old gaskets from pump casings). 

Thickness Gauge (for spacing and setting couplings and 
checking clearances of pump rings). 

Packing Tools—full set for removing and replacing packings 
in stuffing boxes). 

Assorted Packings (of pump mfgr’s recommendation). 

Spirit Level (machinist’s level of dependable make). 

Fuse Puller. 

Voltage Tester. 


Too many so-called mechanics of the Stillson wrench type do 
more damage to machinery attempting an overhaul job than 
several years of wear and tear, to which the machine is subject. 
A plant of any size should have among the personnel, men capa- 
ble of doing all minor and most major repairs, thereby effecting 
a substantial saving in a year’s time over hiring outside mech- 
anics or specialty men to come in and make these repairs. 


Spare Parts 


Adequate spare parts should be kept on hand at all times to 
replace worn out or broken parts of the equipment, thus saving 
time. In many cases a unit may be out of service several days 
waiting for some part whose initial cost may be less than $5.00. 
Of course, it would be practically impossible to keep enough 
spare parts on hand to cover the entire equipment. However, 
essential parts: such as holding coils for contactors likely to 
burn out any time, and such parts that have to be made up 
special at the factory, taking 10 to 30 days for delivery, should 
be stocked. 

A most important item in the operation of a plant is the 
budget. No matter how well the equipment is maintained, normal 
wear and depreciation must be taken care of. It is false economy 
to repair only one part of the machine and not replace all the 
worn parts, just to save a few dollars temporarily. 

The old cry is heard many times about effecting economy by 
using drastic and scientific measures which look very good on 
paper but in general practice are not worth a second thought, 
compared to the cost that is likely to be involved by delaying 
necessary repairs. 


Value of Record Keeping 


Keeping records of plant operation is an important factor. Al- 
though at the time of recording the data compiled may not seem 
to be of any significance, it later can be used as a reference for © 
comparing the upkeep, electrical energy required by the different 
units and depreciation. An excellent method to follow is the fre- 
quent reading at stated intervals of all instruments and gauges 
on the units that are operating, making notations from time to 
time of any adjustments together with the routine work as re- 
quired of an operator while on duty. Daily tabulation of all 
charts and logs will readily tell the story of how the plant is 
operating—normally or otherwise. At the end of each month the 
daily tabulations can be set up in the form of a monthly report, 
showing for example, amount of rainfall, daily pumping average, 
daily maximum and minimum flow, amount of screenings and grit 
removed, and amount of sludge removed from different tanks. 

The above data can easily be transformed into a yearly report 
going into more detail if necessary to show the cost of pumping 
and treating the sewage. 

In conclusion, an operator without the aid of expensive test- 
ing instruments can readily operate a plant by using some de- 
gree of intelligence and the better known common sense. His 
natal equipment of eyes, ears, nose and sense of touch are all 
invaluable aids provided, of course, that his head is something 
better than a hatrack. 
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AIR RELEASE FOR SEWAGE PUMPS 


Solves Pumping Problem 


By W. W. GLOVER 
Chief Engr., Simplex Valve & Meter Co., Philadelphia, Pa. 


‘THE continuous and satisfactory service of sewage pumping 

units is very frequently affected by alternating pressure and 
vacuum conditions, due to automatic pump starting and stopping. 
This condition poses the problem of maintaining at all times 
the priming of the pumps. A particular case in point is that of 
the low-lift sewage pumping station at Pottstown, Pa. 

At the Pottstown plant there are two pumps that deliver 
sewage from the low-level system, comprising approximately 
one-half of the sewerage system of the town, to the junction 
manhole approximately 1,000 ft. distant. From that point the 
total flow enters the treatment plant. The pumps deliver against 
a head of approximately 45 ft., taking suction from a common 
wet well in which float switches effect automatic operation. At 
the present time one pump has capacity sufficient for normal 
requirements so that the other is idle. One unit is operated for 
a 12-hour period during the day, while the other unit is operated 
the remaining 12 hours handling night flows for one week. The 
cycle is then alternated for the next week so that the two pump 
units have, in the long run, the same amount of service and the 
same types of flow to handle. When in service the pumping 
cycle provides an operating time of 12 to 15 minutes and an 
idle time of 6 to 8 minutes, except during the low flow hours 
of 12 midnight to 5 a.m., when the idle time is approximately 
45 minutes. 

The center line of the pump casing is at elevation 15. 

The float switches are so set as to start the pump when the 
suction well level is at elevation 17 and stop it when the level 
has dropped to elevation 13. Once each day the wet well is 
drawn down to elevation 10.5 in order to clear it of the accumu- 
lating heavier solids. For general diagrammatic view see Fig. 1. 


The Problem and Attempted Correction 


Under the circumstances a vacuum is present in the pump 
casing a considerable portion of the time, tending to release air 
from the sewage or draw it in at glands and joints. Air or gas 
is also liberated in some amount during normal operation. It 
is, therefore, necessary to displace accumulating air from the 
pump during operation and to prevent the entrance of air during 
periods of shut-down and low wet well level. Such prevention 
was attempted by placing an automatic air release valve on each 
pump casing near its outlet, just ahead of the check valve (Fig. 
1). Sewage with its varied makeup always presents problems 
to mechanical equipment, but this case was further complicated 
by the fact that usually there is a certain amount of grease and 
oil present and frequently there are large quantities of it. 

The original valves were not able to cope with this condition 
and the result was a need for dismantling and cleaning them 
two or three times a day. It was also necessary to have a 
manual release valve for those times when the pumps had to 


go into service at once 
without permitting 
out-of-service time for 
cleaning. This was a 
serious problem, espe- 
cially since the pumps 
are three floors below 
the operating level 
and the station is 1,200 
ft. from the main part 
of the treatment plant. 
It took much valuable 
time of the operating 
personnel to do all of 
this. 


Problem Solved 


The problem was 
presented to the writ- 
er’s company and it 
was recommended that 
a Model B Simplex 
sewage air release 
valve be installed in 
these locations. The 
valves were located in 
the same place (Figs. 
1 and 2) as the orig- 
inal valves and serve 
under the same operat- 
ing conditions. These 
air release valves have 
now been in_ service 
for several months and 
are giving entire sat- 
isfaction. Not once in 
this period have the 
pumps lost their prime. 
On one occasion dur- 
ing this time a float 
switch failed to func- 
tion and the wet well 
was drawn down to 
the bottom of the suction pipe and held there approximately for 
three-quarters of an hour. This brought a large quantity of float. 
ing grease through the pump and unusual quantities of air. This 
all was handled, however, without affecting the pumping eff- 
ciency thereafter. 





Fig. 2 — Sewage Air Release 
Valve Being Back Flushed 


Maintenance consists of flushing with 
clear water using the disconnector fitting 
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Air Release and 
Vecuwum Holder 


shown in Fig. 2. Any sediment that car- 
ries over has an opportunity to settle and 
be flushed out at a lower blow-off valve. 
Air is automatically vented whenever the 
pump casing is under pressure, and a 
vacuum seal at the valve outlet prevents 
air from being drawn back into the valve 
| or casing during shut-down periods. 
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With this arrangement in service, 
maintenance has been reduced to one 
operation per week resulting in a time 
saving of approximately 10 hours each 
week. This is an important consideration 
at any time, but especially now, with the 
great shortage in manpower. It is ex- 








" pected that an analysis of future pump 


























operation will show very definite power 
savings because of the elimination of 
those occasions when the pump goes into 
operation with the casing largely filled 








Fig. ] 
Release and Vacuum Holding Valve 
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Diagrammatic Sketch of Pump, W et Well Elevations and Location of Air 





with air, resulting in a useless churning 
of the pump without producing any sew- 
age flow. 
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JOHN NOOTER BOILER WORKS CO. 


1410 SOUTH SECOND STREET @ ST. LOUIS 4, MISSOURI 


TELEPHONE: GARFIELD 5338 


SERVICE TO WATER WORKS AND 
SEWERAGE DISPOSAL PLANTS 


___.------NWEIER)-_--____- 


STEEL AND ALLOY PLATE FABRICATION ® ASME 
WELDING ® METAL SPRAYING ® STEEL STACK 
FABRICATING AND ERECTING © STEEL BOILER 
REBUILDING ® HEAVY MACHINING AND TOOL- 
ING ©® DIFFICULT FORMING AND PRESSING. 


Se ee eS ee Gee ee 


eee 





Metal spraying equipment of 
latest type, restoring worn 
bearing area. 


Track mounted flame cutting machine (lower photo) 
and modern planograph for precision cutting of 
steel (upper photo). These tools indicate the mod- 
ern equipment in the Nooter plant. 


12'-0" x 25'-6" Steel storage tank of ASME 
welded construction. 


Steel storage tank 
protected on inter- 
ior with metal 
sprayed zinc. 


Cast iron pump 
plungers restored to 
size with sprayed 
stainless steel: 
Lining interior of storage tank with 
zinc by metal spraying. 


—NGOTER|—— 
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Large chemical mixing tank of stainless 
steel. 











ROYER FOUNDRY & MACHINE CoO. 


170 Pringle St., Kingston, Pa. 


Manufacturers of the 


ROYER SLUDGE DISINTEGRATOR 


\t hundreds of sewage disposal plants 
the Royer is converting sludge as it 
comes from the drying beds into an 
effective, ready-to-use fertilizer. It 
has also converted the cost of incin- 
erating or burying sludge into a 
steady and substantial revenue for 
this ever-growing list of sewage 


works. 


The still-growing demands in many 
quarters of the globe for more food 
make it 
that every source of fertilizer be util- 
The fertilizing 


values in sewage sludge have long 


from America imperative 


ized to the utmost. 
been known. More recent experience 
has disclosed that sludge has the abil- 
ity to retain its fertilizing value for 
an appreciable period; stimulating 
plants grown throughout the growing 


season. Too, the fertilizing elements 


P: 


e"Buenowo 
& Arratio 


Sivoce 


UnOts/@aBie 
Mareriac 


in sewage sludge are not leached out 
under heavy rains. The nitrogen fix- 
ation bacteria in sludge are power- 
fully conducive to soil fertility, and 
also have the power to transform the 
nitrogen in the air into useful com- 
pounds which plants assimilate. 


The sludge cake in your drying beds 
has all these fertilizing values; but 


Prepare now to convert the cost 
of sludge disposal into profit. 
Write for a copy of the “Sew- 
age Sludge Utilization Datalog” 
which contains comprehensive 
data on the fertilizing values 
of sewage sludge, and how to 


utilize 


them. Complete in- 


formation on the Royer, with 
names of typical users. 


Royer “Jr.” (Electric Motor) 


Model “NSD-S” 


Model “NSM-2” 


not in usable form. But it can be 
made so—with the Royer—at no 
greater cost than is required for burp. 


ing or burial. 


Sludge cake is shoveled into the hop. 


per of this rugged, inexpensive ma. 
chine, the operation of which is pic. 
tured at left. On the endless beh 
with its rows of steel teeth. the sludge 
is thoroughly shredded, mixed, ger. 
ated, reduced to pea size, and further 
dried. Refuse is automatically sep. 
The Royer 
discharges onto pile or truck an ex. 
cellent fertilizer, suitable for food 


arated and discharged. 


crops. 


Twelve stationary and portable mod- 
els, with sizes for every plant: elec. 
tric motor, gasoline engine and belt 
to-tractor driven. 


Model “NSH” 


ROYER FOUNDRY & MACHINE CO. AW6570N 74 
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SEWAGE SLUDGE AS A FERTILIZER *t 


By A. H. NILES 






Superintendent, Division of Sewage Disposal, Toledo, Ohio 


EW operators of sewage plants have often been amazed at 

the lush growth of garden produce which springs up as 
yolunteer plants around sewage works, many times growing 
in the partially dried sludge cake undiluted with soil. This 
observation probably occurred most frequently with tomato 
plants, which as they grew were much sturdier, much deeper 
green and much larger than those which happened to grow in 
the surrounding soil unaffected by sewage sludge. | 

This new operator probably had only a passing interest in the 
appearance of these plants but as the season progressed and the 
fruit began to ripen, the day came when he was perhaps short 
of sandwiches or was long on appetite. The appearance of a 
particularly large and luscious looking tomato became irresistible. 
He had become sufficiently well acclimated to the atmosphere 
of a sewage treatment works to overcome his natural aversion 
to the thought of eating a fruit or vegetable which was fertilized 
directly by human feces, whether fully digested or not. 

As this new operator sampled the appealing fruit, he smacked 
his lips and probably murmured “Hmm—not bad.” From that 
time on he was sold, and being more or less a loquacious in- 
dividual, did not wish to hide his discovery “under a bushel.” 
He told his friends and they in turn told theirs so the story 
of sludge as a fertilizer began to be a matter of not uncommon 
knowledge. However, as in most cases of this kind, there was 
considerable misinformation disseminated along with the truth. 
Soon extravagant claims were made that sewage sludge was the 
universal panacea for all the ills of the agricultural world. 
Unscrupulous promoters claimed that sewage plants could be 
made self-supporting solely by the sale of their sludge as fer- 
tilizer. ; 

Farmers long had believed that the only difference between 
the commercial fertilizer manufacturer and Jesse James was that 
the commercial product gave no visible evidence of the company 
having horses, and the salesmen usually did not wear spurs. 
Soon the commercial fertilizer companies were worried to the 
point where they were putting out their own brand of propa- 
ganda. These statements were that sewage sludge was of such 
low value that it was not worth hauling home or spreading on 
the fields even if given to them. Also, that it was full of disease 
producing bacteria and the user of the produce would certainly 
contract horrible afflictions or death. As is almost universally 
the case, the truth, probably, lay somewhere between these two 
widely divergent viewpoints. 


Early Work at Toledo 


The writer, being of Welsh extraction, which according to 
some, is a Scotchman raised to the nth power, felt that it was 
economically wrong to throw away anything of demonstrated 
value. When the Toledo sewage treatment plant was started, it 
was decided to give the sludge away for a limited time for 
advertising purposes. This was all right except for the fact 
that a few persons obtained sludge which was insufficiently dried. 
When this was spread upon their lawns and their small children 
ran across the yard and tracked the sticky mess into the house, 
their irate mothers promptly consigned the sludge and all persons 
connected therewith to the place where sludge drying could be 
most economically accomplished. These unfortunate incidents, 
together with the psychological fact that, to many persons, any- 
thing obtained “for free” has no value, gave the sewage sludge 
program something of a setback before it really got under way. 

A start was made, however, with an attrition mill borrowed 
from a miller friend. It was not well suited for the purpose but 
did a passably good job. This was followed by a threshing 
machine concave and that in turn by a light farm hammer mill 
primarily suited for grinding grain and feed. Quite a lot of 
tonnage was put through that old farm mill and the product 
packaged in used calcium chloride burlap bags obtained from 
the Street Division. This package was an unattractive one and, 
besides, its printing indicated that it contained a product to lay 
dust or melt ice instead of to grow plants. It was sold to the 
relatively few persons who had previously used the free sludge 
and were sufficiently pleased with the results to part with real 
money. This was especially noteworthy because it occurred at 
a time when pocketbooks were flat—when the CWA leaf-raking 
*Presented at 20th Annual Conference, Michigan Sewage Works 
Association, East Lansing, April 5-6, 1944. Reprinted from Sew. 
Wks. Jour. 16, 720 (1944) by permission of the editor. 

+Ed. Note: Although this article was prepared about and men- 
tions Tol-e-Gro, the sludge from Toledo, Ohio, the information 
herein is undoubtedly applicable to digested sludge from other 
Sewage plants. 








program was at its height and national budgets were ending 
with six zeros instead of nine. 

Finally, in 1937, a WPA project was approved to construct 
a plant to prepare economically the dried sludge for fertilizer 
and a warehouse to store it in. A contest was initiated in June, 
1938, to name the child formally. Many names submitted were 
not thought usable because of being too expressive, but as a 
final result, the infant was christened “Tol-e-Gro.” Its godfather 
was rewarded by a handsome prize of 10 bags of the material— 
a part of which he promptly gave away to his close friends and 
neighbors. 

A multiwall paper bag, printed in two colors, with analyses 
and complete instructions for use was adopted together with 
modern equipment for preparing, bagging and handiing. <A 
modest newspaper advertising program was inaugurated and a 
salesman hired for two seasons to get the merchandising cam- 
paign under way. Most of this took place in 1938 and 1939. 
Since that time the only advertising done has been the printing 
of folders used by dealers to acquaint their customers with 
Tol-e-Gro. No salesman has been needed since 1939, for every 
bit of Tol-e-Gro that could be dried has been sold. In the spring 
of. 1943 at least 250 tons more could have been sold if it had 
been available. 

Just about this time, in the Fall of 1937, the Toledo plant had 
the good fortune to obtain a chemist who had the background, 
the training, the energy and the inquisitive mind to do a good 
job of research. His assignment was to find out what made 
sewage sludge “tick.” It is the purpose of this paper to tell 
you some of the things he found out. 


Fertility Factors in Sludge 


First of all, from general observation, it was assumed that 
sewage sludge had something that promoted growth other than 
the amounts of nitrogen, phosphoric acid and potash that could 
be determined from analyses in the chemical laboratory. All that 
is necessary to confirm this observation is to read the history 
of China. The Chinese have used their waste products—human, 
animal and vegetable—for centuries as fertilizers. Their lands 
are still among the most fertile in the world. Chemical fertilizers 
were unknown to these uninformed people, yet they maintained 
the fertility of their land. Their country was too crowded to 
move to more fertile, virgin fields. It was absolutely essential 
that they maintain their soil fertility. To do so they used the 
above mentioned wastes, putting them back into the soil. In 
Europe, the farmers of today will not tolerate the waste of 
manures—even human manure is carefully used for fertilizer. 
These farmers, undoubtedly, knew very little and cared less about 
how much nitrogen, phosphoric acid and potash were in their 
wastes. However, they did know that these wastes were what 
their ground needed to keep it fertile and productive. These 
manures and natural wastes actually were poor fertilizers if 
compared analytically with some of the so-called complete fer- 
tilizers, such as 4-12-4 or 5-10-10, etc. 

It is true that these chemical fertilizers are giving good re- 
sults. But is it not reasonable to believe: that these natural 
wastes must have something in them or their action which 
makes them better fertilizers than the straight analysis of 
nitrogen, phosphoric acid and potash would indicate? No one 
can make up a standard mix commercial fertilizer with the 
same analysis as Tol-e-Gro, which is 2.0-2.0-0.30, and come any- 
where near to obtaining the results that can be obtained by using 
Tol-e-Gro or a barnyard manure with a similar analysis. Im- 
mediately, it will be said that the organic form of nitrogen is of 
longer duration and the plant fed more continuously, but that 
again is not the whole story. The purely chemical analyses in 
the laboratory do not show the countless billions of little nitrogen 
fixation factories found in sewage sludge and manures which 
take nitrogen from the air and convert it to the form of nitro- 
genous compounds easily assimilable by the plant life. Tol-e-Gro 
contains enormous numbers of nitrogen fixation bacteria which 
are found in some soils in limited quantities but not in all soils. 
Their presence is conducive to good fertility. These bacteria are 
collectively known as Azotobacters and Nitrobacters. These 
micro-organisms have the power of transforming the nitrogen 
in the air to useful compounds which can be assimilated by plants 
for food. They not only make nitrogen more available to plant 
life but they also attack and break down humus, straw, old dead 
roots and other organic substances in the soil, to useful, life- 
giving stimulating compounds used by the plant life. 
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Nitrogen and Nitrate Content 


It was found that Tol-e-Gro will increase its nitrogen content 
by 20 per cent in 7 days if moistened and allowed to stand 
exposed to air. This nitrogen in the air is changed to ammonia 
and nitrates which are eagerly taken up by the plants and 
utilized in their normal metabolism. The Texas Experimental 
Station Bulletin No. 445 states that similar sewage sludge mixed 
with samples of different kinds of soils produced from 64 to 134 
parts per million of nitrate nitrogen. This is more nitrate 
nitrogen than is produced in some higher analysis fertilizers. 
This variation is due largely to the variations of soils rather 
than to the sewage sludge itself. 


Since a medium or normal nitrate soil will show 5 to 15 parts 
per million, according to Michigan Technical Bulletin No. 132, 
it is obvious that sewage sludge gives an abundant supply of 
nitrate nitrogen. Quoting from the above Bulletin No. 132, 
“The nitrogen of the soil organic matter is transformed to 
ammonia and then to nitrites and finally to nitrates by means 
of the action of soil organisms. This process is known as nitri- 
fication. In order for a soil to form nitrates naturally, it should 
have a supply of nitrogen in organic matter, be moist, warm 
and aerated and have the nitrifying organisms present. Soils low 
in organic matter are usually low in nitrate and nitrifying organ- 
isms. Growing plants obtain most of their nitrogen from the 
soil as nitrates.” Nitrates are water soluble and, unless pro- 
tected by organic matter, are easily washed through the soil. 

Tol-e-Gro supplies an abundance of these nitrifying organisms 
as well as a good reserve supply of organic matter and prevents 
leaching of valuable nitrate salts from the soil. The amount of 
ammonia in the soil is dependent upon the same factors as 
nitrates, that is, abundance of organic matter and nitrifying 
organisms. Chemical salts used on soils are easily leached out 
by heavy rains and partly wasted as far as soil nutrition is 
concerned. 

The use of sewage sludge or manure will, in a large measure, 
control this leaching as it will hold many times its volume and 
weight of moisture, thus keeping the dissolved nutrients in contact 
with roots for a much longer time than would otherwise be 
possible. 

Most sewage sludges have a residual or reserve property of 
releasing food as the plant needs it. These organisms will make 
just a certain amount of excess ammonia or nitrate which is 
more than the plant needs. They cease production of these 
nutrients and cease their activity until the nitrate concentration 
falls somewhat. Then the nitrifying bacteria start making more 
ammonia and nitrate from the air. Thus, there is always avail- 
able an ample supply of usable nitrogen. 

Sewage sludges and manures are helpful in making heavy 
clay soils porous and workable. Sandy soils are helped by the 
humus present in sewage sludge and by the moisture-holding 
properties of the sludge. Sandy soils are almost always deficient 
in nitrifying bacteria and certain colloidal conditions which are 
essential to plant growth. Tol-e-Gro supplies the soil with micro- 
organisms and helps correct these colloidal deficiencies. 


Chemical Constituents 


Many elements are essential to plant growth other than nitro- 
gen, phosphorus and potassium. Many crops have been thoroughly 
analyzed to find just what elements are needed in their growth. 
Analyses were made of corn, wheat, sugar beets, alfalfa, toma- 
toes, barley, rye and cabbage, as reported in New Agriculture, 
April, 1937. The following elements were found to be present 
in the above crops: nitrogen, phosphorus, potassium, calcium, 
aluminum, arsenic, barium, beryllium, boron, bromine, chlorine, 
chromium, cobalt, copper, fluorine, iodine, iron, lead, lithium, 
magnesium, manganese, molybdenum, nickel, rubidium, silicon, 
silver, sodium, strontium, sulfur, tin, titanium, vanadium and 
zinc. This totals 33 elements in all. Of these elements, 22 are 
present in corn, 26 in wheat, 20 in sugar beets, 27 in alfalfa, 22 
in tomatoes, 14 in barley, 15 in rye and 22 in cabbage. There- 
fore it seems reasonable to assume that a good fertilizer should 
include more than just nitrogen, phosphate and potash. Tol-e-Gro 
shows the presence of 29 of these various elements. 

Sewage sludge has an abundance of mineral elements, many 
of which are present in such forms as to be slowly and suffi- 
ciently available to plant life. Since about 30 different minerals 
are being constantly taken from the soil by crops, it seems 
reasonable that replacement of many of these elements is 
advisable 

A composite sample of 325 tons of Tol-e-Gro was carefully 
collected and analyses made of same sample. These analyses 


are quite complete for all common mineral and non-metallic 
constituents, and the results, shown in the accompanying table, 
are expressed in pounds per ton of Tol-e-Gro: 
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Chemical Constituents of Tol-e-Gro. 
unds 


Constituent. per ton Constituent, Pounds 
SED suseidéistesbsune 72 Lithium ..:....... Der ton 
Arsenic iiceasdunietbncenien 2 Magnesium Sea kneseuncee i 
ee eer agnesia equivalent °°" "" 

NE craseaseectcacsess 12 Molybdenum. oes ***"*"; 3 
CE hiitdédcidoekeneeeenns oe EE £0:0-0 66 6:64:06 niece ce Tr. 
BEEEDD sccccoedccccsescses Se, PIN 9 0nsccevscce,. Tr 
CalehuM § .ncccccsscccccssccs 94.8 Organic Matter .....°°°"*' 424 
Ca as limestone............ 236.8 Potassium ...........°°""** om, 
SED ccevsbocsacseveesse +* Phosphoric Acid .....°°*"’ 1.0 
SEED sasksenspesteswes Selenium .........00....""" 
SE: cubdsntegheusaannahe WS BE esnseddensscusccee 7a 
CE nGwenecdideedad Catan Be MD, Ssviccccccecuca Com Mg 
TUE: casseccescsovescoss MEF dkakivdedcouccali + 
ED -Shaséavenvetannshaann BP TD esticsnsccescancsacdgn 
Sp Se biper amare: Oe a eee » 
DUE Anccndatentuddnactabaes ee “0 


*Undetermined amounts, but more than a trace. 

**Spectrographic analysis confirmed these trace constituents, 

It is fitting at this time to take up some of these various ele. 
ments, showing in some measure just how and why they are 
vitally important in the metabolism and growth of plants, 

Aluminum: Essential to plant growth. It is usually present in 
soils in sufficient quantity although it may be deficient in 
soils. Along with the organic matter in the soil, aluminum is 
active in controlling the colloidal functions and water-conserving 
properties of the soil. 

Arsenic: The following statement is taken from New Agni. 
culture, April, 1937, issue: “Although formerly believed to be 
toxic in certain concentrations, it has proven beneficial and 
stimulates the growth when present in small quantities. As 
much as 1,000 Ibs. per acre have not proven toxic in experi. 
mental work.” Dr. J. E. Groves of Utah says “Arsenic stim. 
ulates bacterial action in the soil resulting in greater crop yield,” 
He further states: “Arsenic must be applied in enormous amounts 
before it retards microscopic life.” Experiments show that 
arsenic causes liberation of insoluble elements in the soil, espe- 
cially phosphate. 

Barium: Found in varying amounts in some plants. It js 
believed to prevent injury from excessive concentrations of other 
elements. However, there is not much known about the value 
of barium except that it is found in the structure of some plants, 
namely, corn, wheat, sugar beets, alfalfa, tomatoes and cabbage. 

Boron: Much work has been done on the influence of boron 
on plant growth in the last 20 years. Warington (1923) and 
Breachley (1927), at the Rothamsted Experiment Station, be- 
lieve that boron is essential to plant growth, and this belief is 
concurred in by Sommer and Lipman (1926), Johnson and Dove 
(1928) and others in this country. Collins (1927), working at 
the New Jersey Experimental Station, found that boron did have 
a stimulating effect when present in small quantities. 

Calctum: One of the very essential elements. Non-legume crops 
will require at least 25 lbs. per acre, while legumes, alfalfa, 
clover, etc., will require 100 Ibs. and more per acre. Most soils, 
it is true, have calcium in their make-up but it is not always 
in an easily available form. Calcium, more or less, controls the 
acid and alkaline balance in the soil. It has a controlling in- 
fluence on the translocation of sugars and starches in the plant. 
It is essential to the construction of healthy cell wall of plant 
tissue. 

Chlorine: Apparently useful to plants in small quantities. It 
seems to have a catalytic effect and tends to make other elements 
more available. 

Copper: Found in many plants and it appears to be essential 
for sunflowers and tomatoes. Copper gives good results, espe- 
cially on wet, boggy lands where most minerals have been leached 
out of the soil. Copper, along with manganese, has decidedly 
beneficial results with carrots, radishes, beets, cabbage and other 
garden crops. 

Cobalt: In small quantities has been found to stimulate crops. 
It has been found to be important in tomato, wheat and corn 
culture (New Agriculture, April, 1937). 

Magnesium: As essential to plants as phosphorus or potash, 
yet until recently experimental stations and fertilizer industries 
have paid little attention to the possibilities of a magnesium 
hunger or magnesium fertilization. Most plants will show from 
5 per cent to 10 per cent magnesium oxide in their ash. Mag- 
nesium is a constituent of the chlorophyll molecule. It is abso- 
lutely necessary in the production of a healthy green color in 
plants. Magnesium plays an important role in the translocation 
of starches in the plant. It is an essential factor in the formation 
of vegetable fats and oils and functions as a carrier of phos- 
phorus in plant metabolism. Bartholomew (1933) has gained 
evidence showing that soluble magnesium in plants increases the 
absorption of phosphorus. Cooper (1930) found that magnesium 
is desirable for resinous plants. Sewage sludge carries large 
amounts of easily available magnesium. Loew (1901) showed 
that for the best development of most common field crops the 
soil should have a calcium-magnesium ratio of 2 parts of calcium 
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agnesium. During wet seasons magnesium is easily 
= b foes the soil. The combination of magnesium with 
male material is, therefore, highly desirable as the organic 
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F wth. 
gy oon A constituent of nearly all field and garden crops. 
my now considered to be one of the essential elements for 
normal growth. McHargue (1926) of the Kentucky Experi- 
mental Station demonstrated conclusively that manganese was 
essential for plant growth. Manganese appears to be necessary 
in the normal oxidation reactions taking place in plant meta- 
holism. Addition or incorporation of manganese in fertilizers to 
be used on alkaline soils or soils underlain with lime is impor- 
tant as the alkalinity reduces the availability of manganese. 
Therefore alkaline soils are apt to be deficient in available man- 
ganese. Manganese deficiency is due, largely, to the increasing 
scarcity of manure. Manure usually contains sufficient manganese 
for most soils. Sewage sludge contains an abundange of man- 
ganese, even more than manures, and is a very good carrier of 
manganese for fertilizer use. 

Sodium: Easily leached from soils and should be replaced. 
Beets, mangoes, potatoes, wheat, barley and asparagus respond 
quickly to the presence of sodium salts in the soils. Some ex- 
perimental stations are using top dressings of sodium chloride, 
or common salt, with remarkable increases in crops. Sodium 
seems to help conserve the phosphorus and potash and help the 
normal reactions in the plant. 

Sulfur: Proved to be an essential element to plant growth in 
1860. Sulfur is a constituent of many plant proteins, cereals, 
etc. Sulfur is a constituent of plant flavors and aromatic oils 
and is a constituent of mustard oil, onions, garlic and many 
other flavors more pleasant. Many plants require more sulfur 
than phosphorus (Commercial Fertilizers, Collins, 1934). 

The annual loss of sulfur through drainage is estimated at 
between 20 and 50 Ibs. per acre. Many plants will respond 
remarkably to sulfur. Alfalfa will respond to sulfur even better 
than nitrogenous fertilizers. Cases of alfalfa increases with 
sulfur-carrying fertilizers have been reported from 50 to 500 
per cent. Sulfur increases root growth in most plants (Crocker, 
1933). Garden crops such as cabbage, lettuce, radishes, beans, 
peas, etc., respond readily to sulfur. 

Tol-e-Gro contains sulfur bacteria which change insoluble 
forms of sulfur to soluble sulfates which are available to plants. 
Tol-e-Gro is rich in sulfur—65 Ibs. per ton. 

Small amounts of zinc seem to be important to plant life as 
zinc is found in almost all of the common crop plants and fruits. 
Zinc controls mottle leaf and rosette in fruit trees. 


Other Benefits 


Users and experimenters of sewage sludge as fertilizer have 
repeatedly called attention to the fact that results obtained by 
using Tol-e-Gro and some similar products are far better than 
the nitrogen, phosphoric acid and potash analysis would indicate. 
The importance of other mineral constituents has been shown 
in a small way. Taking ‘all these minerals into consideration, 
the results obtained by using Tol-e-Gro are still beyond those 
expected from the straight, routine, standard analysis. 

This may be partially explained on the basis of increased 
moisture-holding capacity; the change in soil structure, allowing 
more air to enter and subsequently stimulating oxidation; intro- 
duction of large numbers of bacteria to aid decomposition and 
better balancing of the nitrification processes and flora of the soil. 


It has been found in running laboratory comparative tests that 


the plants grown with Tol-e-Gro had two or three times the 
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root growth of plants grown under identical conditions with 
commercial 4-12-4 fertilizers. Also, comparative tests with pota- 
toes grown on good loam soil resulted in a 200 per cent increase 
for hills fertilized with Tol-e-Gro at the rate of 400 Ibs. per 
acre. The root growth was noticeably greater and the potatoes 
were larger. A search was started to determine in some measure 
the cause of these fine results and increased root growth. In 
recent years considerable attention has been focused on the 
fact that certain organic compounds or chemical substances are 
able to increase root growth and stem elongation and to influence 
changes in plant growth. It was in this direction that the search 
was started. 

It is well known that in the presence of nitrifying bacteria, 
such as Azotobacter Chroococcum, something was formed which 
induced increased root growth. As previously stated, Tol-e-Gro 
is virtually alive with nitrifying bacteria. It has been shown 
that these growth promoting substances are probably not made 
by the bacteria but are produced as bacteria break down the 
organic materials upon which they feed. Tol-e-Gro is rich in 
these organic substances. This explained, in part, the origin 
of these chemical substances, but the next thing was to demon+ 
strate their presence and approximate the amounts present. These 
substances were found to be present in small quantities when 
expressed as pounds per ton, but this is more than sufficient 
when compared to the requirements for plant stimulation. These 
substances were identified as derivatives of indole, a complex 
organic chemical. 


Growth Promoting Substances 


Dr. Willem Rudolfs, head of research of the New Jersey 
Agricultural Experiment Station, Dept. of Water and Sewage, 
together with Messrs. Heineman and Ingols, reported in Sewage 
Works Journal, Vols. 10 and 12, on various growth-promoting 
substances found in sewage sludge. Their conclusions were that 
most growth-promoting substances found in sewage sludge were 
from indole and skatole in the form of indole acetic, indole pro- 
pionic and indole butyric acids. Tryptophane is also formed by 
digesting or decomposing sludge. Carotene and ascorbic acid 
are present in limited quantities. 

Many of these substances are soluble and tend to wash or 
drain out of the digesting sludge. It was found that concentrated 
filtrate collected from the underdrainage system of the glass- 
covered sludge drying beds at Toledo was far more potent in 
growth-promoting substances than the dried sludge. This cor- 
roborated the statement heard many times that “the best part of 
sludge is drained away.” 

Damoose at Battle Creek, as did Backmeyer at Marion, Ind., 
found this to be the case when they advocated using, and actually 
sold on an applied basis, quite large amounts of liquid digested 
sludge. This method of use certainly has its limitations, but, 
where possible to handle it economically, it produces wonderful 
results. For years Hommon, at Canton, O., has disposed of 
liquid digested sludge directly to a city-owned farm adjacent to 
the sewage treatment plant, with phenomenal crop yields. 

In conclusion, it may be summed up that, measured by purely 
chemical analyses, sewage sludges do not compare very favorably 
with many commercial fertilizers. Sewage sludge probably never 
will drive commercial fertilizer companies out of business. Many . 
of these companies do use sewage sludge as a base and fortify 
it with additional chemicals to gain the analysis desired. This, 
in part, gains for the commercial fertilizers some of the advan- 
tages sewage sludges have. 

Even the worst critics of sludge, however, unwillingly per- 
haps, admit that it has some properties that give plants an 
“oomph” that a standard commercial fertilizer just does not have. 








CONTENTS OF HORIZONTAL 
TANKS AND PIPE 


Per Foot of Length, for Various Depths 


Se 


Formulas for determination of ap! roximate capacity o1 wuvra- 
zontal cylindrical tanks for any depth. Given: Diameter of tank 
# and height of segment A. 
fo find area of segment. 
when h=0 to %d; area = hvV 1,766 dh-h? 
when h=%d to d; area=hv0.017d?+1.7 dh-h? 
1 cu. ft. == 7.4805 U. S. gab 





























h = d = Diameter of Tank, Inches 

—- 

oO 

Lidia 12 18 24 30 36 

Inches | Gal. |Cu.Ft.| Gal. |Cu.Ft.| Gal. |Cu.Ft.| Gal. |Cu. Fe. Gal. Cu. Fe. 
2 | 0.64/0.0860] 0.80/0.1072} 0.93/0.1244] 1.05]0.1 1.15] 0.154 
4 | 1.73/0.2317] 2.1810.29 2.57/0.34 2.90/0.3878} 3.21 0.429 
6 | 2.94/0.3927] 3.85/0.5149| 4.5910.61 5. 2310.6 5.80] 0.775 
8 | 4.1410.5537| 5.6710.7578| 6.85/0.9152| 7.85/1.049 | 8.75] 1.17 
10 | 5.2310.6994] 7.55|1.009 | 9.26/1.238 | 10.72/1.432 | 12.0 | 1.60 
12. | 5.8710.7854] 9.38)1.252 | 11.75)1.578 | 13.721/1.633 | 15.4 | 2:03 
a FR RR 11.04]1.476 | 14.24]1.903 | 16.82/2.248 | 19:0 | 2°54 
"ee WOM 12.43]1.659 | 16.65|2.226 | 19.90|2.660 | 22.6 | 3.02 
~B, BGR Qupees 13.22]1.767 | 18.91/2.527 | 23.00/3.075 | 26.4 | 3°53 
cs we pe wey 20.93|2.797 | 26.00|3.476 | 29.6 | 3.95 
ie ae RA ty ans 22.57|3.017 | 28.85/3.859 | 33.4 | 4.46 
Oe 0a, La. . Aca 23. 50/3. 1410} 31.49]4.209 | 37.4] 500 
- £.... Seaahe. ose 33.82/4.521 | 40.4 | 5.40 
ZT Pee Sense Ce Bete sR dee 35.6714. 768 | 43.7 | 5.84 
30 36.72/4.908 | 46.6 | 6.23 
a  ebees cee ae Ses Fe Geass ok -e. 49.1 | 6.55 
| ee dea eee eense ee S| aeeay: 51.2 | 6.85 
a ERA SOR DRE) Er NS eg ee ee MON Ce 
































(Reprinted with permission from the Piping Handbook, by Walker and 
Crocker. Published by McGraw-Hill Book Company.) 
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DETERMINING SUSPENDED SOLIDS BY CENTRIFUGING 


By ALICE L. MATHIS 
Chemist 
Phoenix Activated Sludge Plant, Phoenix, Ariz. 


O FAR as known, this method was not in use in any other 

sewage treatment plant laboratory at the time it was started 
in Phoenix. Its use was inaugurated because of a strong objec- 
tion on the part of the author to the Gooch crucible, especially 
in the determination of such small quantities of material, where 
the loss of even a shred of asbestos makes an appreciable dif- 
ference in the final results. Weighed filter papers were first 
tried as a substitute for the Gooch crucibles. They are not 
entirely satisfactory, however, chiefly because of the difficulty 
of weighing them with sufficient accuracy, especially when the 
temperature and moisture content of the atmosphere vary. 

The problem of a satisfactory substitute for the Gooch crucible 
was solved, at least to the author's satisfaction, when a centrifuge 
was obtained. The centrifuge was originally purchased to be 
used for some other work, but when the possibility of its use 
for determining suspended solids was realized, it was soon put 
to work in that capacity also. Seen in one of the accompanying 
photographs, it is an International Clinical ‘Centrifuge with a 
four place head for 50 ml. tubes. 


Procedure 


The procedure consists of measuring out a quantity of thor- 
oughly mixed sewage into a 50 ml. centrifuge tube which has 
been washed, dried, cooled, and weighed. The sample is then 
centrifuged at top speed for 20 minutes. The supernatant liquid 
is decanted off and the residue in the tube is dried in the oven 
for 1 hour to constant weight, cooled in a desiccator for at least 
2 hours, but not more than 5 hours, and weighed. The weight 
of the residue thus determined in milligrams, multiplied by 
twenty, equals p.p.m. suspended solids present in the sample. 


Discussion 


The length of time to centrifuge was determined by running 
tests on portions of the same sample for various time intervals. 
Intervals from 10 to 30 minutes showed little difference in the 
results, and it was decided that 15 minutes was enough for raw 
sewage and primary clarifier effluent samples. For samples of 
plant effluent it was found that 20 minutes was better, not that 
different amounts were thrown down, but because the residue 
adhered to the tube better after 20 minutes’ centrifuging. Twenty 
minutes was then chosen as a standard centrifuge time for all 
the samples. The intervals of time for drying and cooling were 


also determined by comparing results obtained under different 
conditions. 


Results of several tests are shown in Table I. 


TABLE I! 
EFFECT OF CENTRIFUGE TIME ON RESULTs 
By Centrifuge 

Wt. 50 M1. 

Residue— 


Date Time Interval Sample Mg. Ppm, fh 
4-12-40 10 min. raw 10.2] 20 ' 
9.9 § sae 201 
4-12-40 15 min. raw ry: 210 1 
4-16-40 10 min. raw 13.3 
12.8 ' 
13.5 | av. 260 267 
12.3 J 
4-23-40 15 min. raw 11.4] eal 
11.9 § 233 250 
4-23-40 15 min. plant 3.0] 
effi. 3.0 § 60 66 


Since constancy of results is of importance in tests of thi 
type, it is interesting to see that very close checks on samples 
can be obtained, as shown in Table II, listing results on th 
plant effluent. 


TABLE II 
DUPLICATE TESTS ON PLANT EFFLUENT 


Centrifuge 

Date Time Ppm. Avg 

CME acecatedncravedeces 10 22 2 
10 24 

SAE hissve cevnebecesnn 20 22 3 
20 24 

PAGED savcedicnvaesreass 20 34 35 
20 36 

ee ee es ee 20 46 4 
20 44 
20 42 


It has been observed that, in general, primary tank effluent 
and effluent samples from this activated sludge plant will check 
within 0.1-0.2 mg. in weight. Crude sewage samples, however 
cannot be expected to check quite so well, since the suspended 
solids particles present therein are more diverse in size and 
weight. For this reason, and also to balance the centrifuge, the 
samples of raw sewage are run in duplicate, while centrifuging 
single portions suffice for primary clarifier effluent and plant 
effluent. 

This method is now used at the Luke Field Treatment Plant, 
Luke Field, Arizona, where it was put into use as soon asi 
centrifuge was available. Table III shows the daily trend a 
the time the change from Gooch crucibles to centrifuge wa 


























Two Views of the Well-Equipped Laboratory of the Phoenix Plant 


W. W. & S. — REFERENCE & Data — 1945 


Centrifuge Used in Routine Suspended Solids Determinations Appears in Left View 
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These tests were made by Sgt. K. B. Jacobson, who 
e method in the Phoenix plant laboratory, and who 
ble for carrying out the laboratory work at the Luke 
These figures were released through the courtesy 
Army Air Base at Luke Field. 


TABLE Ill 


NDED SOLIDS TESTS AT LUKE FIELD, 
ARIZONA 


made. 
learned th 
is respons! 
Field plant. 
of the U. 5. 


RESULTS OF SUSPE 


1942 Raw prameey Eff. 
rer errr rT Ts 274 9 
en  ccscascarmnwneioes 292 92 
c RO 112 
Oct. ae eus6s* ae cetbewebes 38 
Cet, 14 ...cccccccccscesesccescceces Hy, * 
Oct. 16 .ccceecrcccesreresesecececes 4 74 
Oe) Ge 250 86 
Oct. 22%...-- er rer tr 294 104 
ers 254 98 
Oct. 26 -...--- 254 98 
, SP sores eee ae Pe a 
ne a a danllanenaieail 304 80 
Oct 30 pte baasa one = 
> ERE ReEeREEKS 328 96 
Nov. 6. 292 108 
Nov. 6 ..--cccecceccerceseceeececes 2ye 
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che chief objection which might be made to this method is 
that there is a possibility of retention of a little supernated 
liquid in the tube which on drying leaves a deposit of dissolved 
solids, producing a higher result for suspended solids than is 
actual. That this is not a serious objection is shown in the 
results in Table II on plant effluent tests on July 26, 1943, in 
which the tube containing the second sample was wiped dry of 
any clinging drops of liquid before oven drying. If reasonable 
care is exercised to see that the liquid is poured off smoothly 
and quickly, there is little danger of losing any of the solids 
or of retaining sufficient of the liquid to create an error of 
consequence. 


The centrifuge method is to be preferred because it is easier 
than the Gooch crucible method. The tubes are easier to prepare 
than the crucible with its asbestos mat; easier to use. There is 
no danger of losing any of the tube itself, again in contrast to 
the mat. The greater weight of the tube in relation to the 
surface makes them easier to weigh accurately than. filter 
papers. The method yields consistent results, as shown by 
results in Table II. 





DETERMINATION OF HYDROGEN SULPHIDE 
BY SIMPLE METHOD* . 


N MAKING routine determinations of hydrogen sulphide in 

sewage, sewage gas, and polluted waters it was found that 
the procedure as described in Standard Methods was not sat- 
isfactory, due to the fact that polluted waters and sewage have 
an iodine demand. Therefore, a modified or special method of 
procedure was adopted. This special method is based upon the 
known fact that filter paper treated with a lead acetate solution 
will darken when placed in contact with hydrogen sulphide. It 
was found that by making a set of standards, with which any 
sample might be compared, consistent and fairly accurate results 
could be obtained. 


The Apparatus 

The apparatus necessary for making these determinations con- 
sists of a standard 500 ml. filtering flask, on the inside of which 
is placed an air diffuser made of a perforated aluminum tube con- 
nected to the flask’s side tube by means of a rubber hose. On the 
outside of the side tube there is attached the rubber air intake 
hose. The lead acetate paper is held in place on the top of the 
suction flask between a rubber ring, “A,” which is a standard 
Gooch crucible holder for an ordinary two-inch funnel, and a 
standard Gooch crucible holder, “B,” as is ordinarily used with 
a filter flask. “A” and “B” are held together by a utility clamp 
fastened to a ring stand. The rubber hose which is attached to 
the glass tubing of “B” is connected to a suction device. 


The Procedure 


In making a determination with this apparatus the sample to 
be tested is delivered into the flask directly froma pipette through 
the aeration tube. Air is then drawn through the liquid for two 
minutes and by so doing the hydrogen sulphide passes on up 
through the lead acetate paper, discoloring it. The amount of 
hydrogen sulphite is determined by comparing the colored lead 
acetate paper with the standards and converting the results into 
the desired units. 

In order to operate this apparatus satisfactorily it is necessary 
that there be at least 100 ml. of liquid in the flask. Thus, if the 
sample being tested is high in hydrogen sulphide, it becomes neces- 
sary to dilute it with hydrogen sulphide free water. If it is de- 
sired to have the final results in ppm., this figure is arrived at by 
multiplying the color comparison in mg. by 1000 (mg. per liter = 
ppm.) and dividing by the ml. of sample used. 

Example: Sample = 10 ml. 

Water added to flask ahead of sample = 90 ml. 
Color comparison = 0.05 
0.05 x 1000 
—_—— = 5 ppm. 
10 
Gas may be tested by hydrogen sulphide content by passing a 
known volume through the above 





Ppm. = 





described apparatus. 


Test Papers and Standards 


The lead acetate paper is pre- 
pared by soaking filter paper in a 
10 per cent solution of lead ace- 
tate and drying in an oven until 
approximately 10 to 15 per cent 
of the moisture remains in ‘the 








Filter Paper treated mith 
4eed-Acetote solution. 












paper. The paper must then be 
kept in an air-tight container. 











Standards are made from a so- 























lution of hydrogen sulphide pre- 
pared by generating hydrogen sul- 
phide in distilled water from iron 
sulphide by the addition of dilute 
sulfuric acid, the solution being 
standardized by iodine titration. 
[Note: The apparatus herein 
described won for the author first 
prize in the Gadget Contest con- 


ducted by the Central States 
Sewage Works Association.—HEHd. ] 


Figure wo A 








*Contributed by George Martin, 


Supt. of Water and Sewerage,Green Bay, Wis. 
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DOW CHEMICALS—ON THE MOVE TO SERVE AMERICAN INDUSTpy 





ow Ferric 
Chloride 
60% crystals 37-47% solution e 


ee 


for sludge conditioning 
@ minimum chemical and operating costs. 
@ cuts dewatering equipment cost—increases performance, 


@ gives higher filtration rate. 


for sewage coagulation 

@ greater removal of suspended solids. 
lower 5-day B.O.D. 

Dow Ferric Chloride 37-47% Solution is 

shipped in tank cars. Ferric Chloride 60% 

Crystals are packed in 300-lb. and 500-Ib. 


heavy wooden barrels, permitting storage 


*” 
@ increased flexibility to meet peak loads and low stream flows, 
@ economical effluent improvement. 

* 


reduction of hydrogen sulphide odors. 


without deliquescence of the crystals. 
— ; od : ' for water treatment 
Dow Technical Service covering design and 
operating problems of sewage disposal plants @ forms a compact, quick settling floc with complete precipi- 
> M4 : ati < < i é re 5. tains ti ss in cold 
Sa available upon request to engineers. tation at any pH value above 5. Retains effectiveness it 
weather. 


@ effectively removes large quantities of coloring matter. Pre. 


THE DOW CHEMICAL COMPANY 


MIDLAND, MICHIGAN ; , : . . . 
@ in conjunction with lime, removes iron and manganese. 
New York, Boston, Philadelphia, Washington, Cleveland, Detroit, b 


Chicago, St. Louis, Houston, San Francisco, Los Ancoles, Seattle @ reduces taste and odor by removing H,S. 


cipitates tannin compounds at pH of 5 or below. 
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ENGINEERING DATA 
CONVERSION FACTORS FOR ENGINEERS* 

















The word gallon, used in any conversion factor, designates the Multiply By To Obtain 
U. S. gallon. Likewise, the word ton designates a short ton, Foot-pounds/min. ........ 3.090x10-5.......... Horse-power 
200) pounds. 7 - eee eT Kilowatts 
"The figures 10°, 10°*, 10°*, etc., denote 0.t, 0.01, 0.001, etc, re- Gallons ................... eee Cubic feet 
pectively een teen eee enone a. on vat kwkee peo a 
s y. . 5 eC Cee Deeg eens ee UL ee Subic centimeters 

The figures 10', 10°, 10°, etc., denote 10, 100, 1000, etc.. re-  .) waceuhedh esenanannn 3.785x10-*.......... Cubic meters 
pectively ee ee ere 3.785 ine eenese Liters 
s . é : 

“Parts Per Million,” (designated as p.p.m.), is always by Gallons, Imperial . Bee U. S. gallons 
weight. As used in the sanitary field, p.p.m. represents the num- © Be eee cece eee 0.83267 .......... Imperial gallons 
ber of pounds of dry solids contained in one million pounds of Galions water ............ RT aN Pounds of water 
water. In this field, one part per million may be expressed as Caltena/et ocntete Py 

ote asi ° ° 9. ath = a . og ee ae Cubic feet/sec. 
8.345 pounds of dry solids to one million U. S. gallons of water. " “ 0.06308 aaah he Litera/nec. 
ae By TeObtain «-__ nt tt tee eee ee RE Sb ikasesnns Cu. ft./hr. 
te iesisines toe Square fect ef eee eee Bo. £biseweaas Grains (avoir.) 

_ 4047 . Square meters Fa bien tee eal ices ate a ees EE Grams 























Acre-feet ......---: . 43,560 .. Cubic feet ee of errr Parts/million 
—_- * . «325,851 .- Gallons a <a ee GEES. Suevacasus Lbs./million gal. 
Me  idexsccaenmagen 1233.49 ..Cubic meters pa a eee fl Serer Parts/million 
De Scare Pe ost vaanmals Inches of mercury lhe ies Oey Tatnetes Mlstotrs Sit Rial Aan, Be Grains 
aw ivenewia daw 33.90 .. Feet of water ee eee ee ee 0.03527 kc niretun Ounces 
“ Lekinene ces, .Cms. of mercury DT | eke heat bin re idea Se Sa ape Dynes 
“ Perera —  aeeree ere Lbs./sq. inch 
k ee Jf aperrrcr re Grains/gal. 
Barrels cement ........- ee, -aignidewigeed Peunds—cement we a Core Bs bie aa pound ie gals. 
* © | oesbrdaandeske » a 9 daececeek arts/million 
Bags or sacks-cement 94 - Pounds— 
= IEE oou(hang wkitur casts Gren BAEE: andndneca Acres 
British Thermal Units.... 777.5 hae ew emaee Foot-lbs. 
“ ™ “ ., .8.927x10-*.......... Horse-power-hrs Horse-power ntinienges COG inercsncws B.T. Units/min. 
“ “ eee Ey Kilowatt-hrs _ - ES DS tie —C—l—U— es Foot-lbs./sec. 
“ “ _ 0.2520 ...... .. Kilogram-calories - eal 1 ASS EES I aickenrkncs Kilowatts 
Be) > :S50 dete Kilogram-meters 
Horse-power (boiler) !. ee ere yy Ae. 
OFU.fmin. 2... wccevcesce WSF cescccsses Foot -lbs./sec. ” ee as ee do Kilowatts 
a y reac “Y RRA RR Horse-power 
“ “ RG tcvexees Kilowatts a ee ee Pe aebsannvan Centimeters 
Centimeters ....... _  iherenreres Inches Inches of mercury........ eH reer r rer pet at — 
‘ " a8 me) eas vee s./sq. ine 
Centimeters of mercury.. 0.01316 vee frye end - ee ee Atmospheres 
es So ae ee a ae . . = _ Cee a ~ ductcuvnus gs./sq. meter 
“ o BS watvie wee Lbs./sq. ft. 
ia 0.1934 ..... --++Lbs./sq. inch Inches of water .......... is oisccews Inches of, mereury 
Centimeters/second ...... oe ee eee postman. ee rie O.096ES........0. Lhbs./aq. inc 
a . onenee O3281......-.-. eet/sec. ee Se eee Lbs 
ane iN 0.6 weccceeeee Meterssmin. : ” 
i " ; q ‘a . 
Ws Cubic centimeters .......3.531x10-*.......... Cubic feet eapee-qane. .- T.**----+--- 
_ “ “ ae Se te Sey ame inches os “ 0.06972 Kilowatts 
q .2.642x10-*..... ....- Gallons r ses ~tui Rea ; 
aren —— Cubic meters oe ee. Sree. a Ee Feet of water 
eaaeee Be. gedsncinnc eee ~~ eon © pee Fy 
ee ee Ft Sr Gallons a ee SE o.0:04:5 ane Feet 
a  sevaaps 1728 geen re nities Cubic inches eS cite eee eee SS rrr Miles 
Sabet IY D. eppeneenenet ~~ gueatna Kilometers/hr. ........... 0.9113 ..........Feet/see. 
aan e a acaedcaacatens SS aaa a “rs 27.78 Centimeters/sec 
Ee, EY ee ES Er . entimeters/sec. 
si Rn A, aE Re a Cubic meters a ae 56.92 ee” B.T. Units/min. 
; Cubic feet/second ...... ee Million gals. /day ce N NERC CCRC CS Gs eeeeesees oot-Ibs./sec. 
“ “ by ; a rere 3c ee Horse-power 
—  searenes WUEAEE «se oeseews Galions/min. - 6 Ngee cena SO avecsonata Kg.-calories/min. 
df eee Se... -ccouaeueay Cubic centirneters ; 
' aS ee SS rere Cubic feet ROR cievcnccceess weeck se peices ameel Gallons 
- 6 C*#E§LAaueweeteneree Leer Cubic meters mr eed diniinvaae apie ioonlip acai ST, cekacawene Cubic inches 
re- 5 y= dace acemacbaden SPs s6de ot ene Gallons SF Ce AUS wake neous Ce avcseen cos Cubic feet 
SS see edeeeesees saeresteietall aah Liters EIS ROS eS ae Feet 
ere TRSE. ccvccvcces Cubic feet  )  ehbpeeeeiesanebens SE . oapisusucs Inches 
"= plier POO RE SS PR nari ewen Gone yards 6 spepdtuaniebéeGesenaaean ere ee Yards 
- ” _ -—  easpeeneee allons : 
“ ‘.  “Sece e eee ee eer Teer y MRE oe Feet 
re iets BP wet peetens ee a_i IST RRCHE DIGEDE eree¢ SHE, dendasteck Kilometers 
fg ee eee a. secpensees Cubic feet 
oe ee soe enue MA Soacouecat Cubic inches Miles/min. ...-...+..++++: TE ease 2 er 
pi Y  heenekeenenes Gime. dacsoucsees ee i REEL EREE SS RTS ii alk Andi ated al 
es te gece eeeeeeeees ay we eeeeeeee yom Milligrams/liter .......... - Saas Parts/million 
= - = ee eee eee  secekeswen er 
’ Million gals./day ......... 7. ee Cubic ft./sec. 
BD - 00%00xdeneseaewene OF Sere Grains : F 
re’. -ehigdekchwarenedauaiues 0.0625 erreeeeeees Ounces Miner's inches ........... OR -wateevanns Cubic ft./min. 
WreTTTTTTTUTT TTT 1.771045. ......+. Grams Ounces seeceeeressescseees 28:349527.......+--Grams 
" a ee eee eee RRR Ee trains 
oo sn in” att cnt thn" at - a acini = pre . e  ixeeadteaueeetsous GO ciincindie Ounces (troy) 
eee ee er . eee ‘entimeters 
eee GR scseccvass Meters Ounces (fluid) ......-.... Lo tt teeeeeee coe ~~ 
Feet of water ............ RPE Inches of mercury f A ps at seeialag. ee ; 
i ie ie eek res aed: A nde eVects wns oaeh Parts/million .....-+..+++ ye B che te ccdes Lbs. /mie gel 
as ee ee ee r= s./sq. ft. eee eee eee \SUOe ceeccccees .». . 
a eer ae Cae Atmospheres + £ © | semeueeren Ss rer Grains/Imp. gal. 
tae ew ee eees SURE, ens oenenes Kgs./sq. meter POE sin wcinsdnnsieteae sees  éesetnbane Ounces 
PUNE. 0.002 «sis ptonnerse err ere Centimeters/sec. nace eee eee eeeeees 7000) vreeeeeees Grains 
ws es ER ihe AFORE | ere Meters/min. © | Lexaedins waelamdeeoe ere Grams 
6 Lbi‘eten tCbAdnnn eed BiG Wakecsbens Pounds (troy? 
Foot-poundsS ...........+- Heel ‘Rack ae ee thereat units 
re SC sescccvcccese : WF, cecedeeds -power-hrs. Fe 
“ ORO LS . Myr Soc eo Waeagram-meters *Selections from a booklet of— Converniee Ry ay for Engl- 
e ” OE RPE | eerie Kilowatt-hrs. neers'’—distributed by The Dorr Co., New Yor y. 
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Multiply To Obtain 
Pounds of water......... GEE cvccacnnes Cubic feet 
« “ valtah ene werrs DEE a0ceneeeun Cubic inches 
. ny Meee eeu CEeee seckccdegs Gallons 
Pounds/cubic foot ........ accu cueue Grams/cubic cm. 
8 - re ee ) ear Kgs./cubic meter 
we eauadas 3 aaa Lbs./cubic inch 
co errr ee ae 3 <kewcweuad Kgs./meter 
DE, inveccevsaccae DE ‘<enemcakun Grams/cm. 
Pounds/sq. foot .......... REE seccewuens Feet of water 
<n ~s ‘eeweneeiun | Kgs./sq. meter 
Pounds/sq. inch .......... sai pemitel Feet of water 
es = 1” @eeeetamud BE. - ousevsecas Inches of mercury 
jetehienee 0.06804 ..........Atmospheres 
itecnannes 703.1 ceseeeeees &BS./Sq. Meter 
CD  ccee ruben nearenee . ineesares Sheets 
DN. ceptesdacwededaoade - sneeentewe Sheets 
Square centimeters ...... 0.1550 .......... Square inches 
eenake 1. reat 8.......+.. Square feet 
0 ae a! )=—lo er Square inches 
” ” he teetanwesne 0.09290 jusnedenns Square meters 
. 7  seentenesaeeee S.BOORLO-”. .gecccces Acres 
ese TRE cvcscccicss DOR 3 wesnieseasa Square centimeters 








Multiply By To Obtain < 
Squaré kilometers ....... te. gekavenowe Acres 
ss St hone 10.76K10% .....2000. Square feet 
. a) dee DEE” excevsresue Square yards 
Square meters .......... CO ee Square fe 
- ~ «sae eee De 0 éekGhvaens Square Jarte 
BOOTS MMOS occ cccccccces Pe. - escgeesaes Acres 
me - SHaendanhneke SE twcascenes Square feet 
“ 7 déhobeess doend 2.590 ee Square Kilometer, 
DD SHEE acadvsccntes > cinch emkiak Sauare feet 
7: Tendon detttee BL o6eteassen uar 
“ ee ASRCE Hb oe ) + eee 
TS GED iciaseciasxcs / Breer Kilo 
flee: page sdowsgiongns MM” cococcagal 
' ”  Ahipevawenuin L.FROCe cccccccvcs Tons (short) 
Teme GEE ccccccccccse | « FR  cncvecsses Kilogram: 
- —  Wetesnneate an. ssanencees Pounds . 
ck ee lr er Pounds 
gaeenseeneons 907.1S4E6 ..ncccccce Kilograms 
Tons of water/24 hrs..... GIGS ccccececes Gallons/min, 
WERED ccccccctccvcdseosesns 0.05692 .......+4 B.T.Units/min, 
TT CP*@B ASSO Peeeceouens Lee.  sececisces sl -pounds/sec, 
CLs O#BASAE MOVE RKeMNRORI ES LBGRRIO™. 0c cccces Horse-power 
ME TTTTTT Te OBRESE 2c ccvcccee Kg. ~catories/min 
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48 | 32.00 Rimumis: 32] 15.591 11.61) 8.92| 7.03| 5.66] 4.63] 3.85 
46 | 28.771 | Ste oMT 02] 10.44)" 8.02[ 6.32) 5.09] 4.16) 3.46 
at 1 25.74] iF Si] 14.71] 12.54) 9.34] 7.18} 5.66{ 4.55] 3.73|__ 3.10 
42. | 22.921 15.59] 13.12) 11.16! 8.32) 6.391 5.04] 4.05) 3.321 2.76 
~ 40 | 20.29] 13.80] 11.617 9.88] 7.36] 5.66) 4.46| 3.59] 2.94] 2.44 


38 | 17.84) 12.14] 10.21] 8.69) 6.48] 4.98] 3.92) 3.15] 2.58) 2.17 
% | 15.59 10.60! 8.92) 7.59[ 5.66] 4.35 3.43[_ 2.76] 2.26! 1.83 
4 135i) 9.19) 7.74] 6.58) 4.90] 3.77|_ 2.97[_ 2.39] 1.96) 1.62 
“32 | 1L4All 7.90] 665 5.66) 4.21] 3.24) 2.55] 2.05) 1.68] 1.40 
“30 | 98S) 6.72) 5.66) 4.81] 3.59 2.76 2.17| 1.75) 1.43{_ 1.19 
28 | $.32|_ 5.66) 4.76) 4.05] 3.02] 2.32] 1.83|_ 1.47|_ 1.20) 1.00 
26 | 691! 4.70] 3.96] 3.37) 2.51] 1.93| 1.52] 1.22] 1.00, 
24 | 5.66! 3.85] 3.24) eee 1.00] ae 
22 | 455! 3.10; 261) 2.22] 1.65] 1.27] 
i =. “| 3.59! 2.44] 2.05] 1.75] 1.30] 1.00) | 
| 2.761 1.83! 1.58) 1.347 1.00 
te | 2,05] 1.40] 1.181 1.00) 
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The foregoing tables will be found useful in pro- 
portioning distribution lines. 
Example: To find how many one-half inch pipes 
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Relative Carrying Capacities of Pipe Lines of Equal Smoothness 
Prepared by Emil L. Neubling for the Reading Meter Repair Co. 
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can be supplied by a 4-in. line, follow down the %-in. 
vertical column to the number opposite 4-in. diameter 
of the first column, where the number 181.02 is found, 
which is the number of one-half inch lines that can be 
supplied by a 4-in. line. 

Example: To find how many 12-in. lines can be 
supplied by a 48-in. line, follow horizontally along the 
48-in. diameter of the first column, until you reach the 
12-in. vertical column, where the number 32 is found, 
which is the result desired. 
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CALCULATION OF AREAS, VOLUMES, SURFACES 





REDUCED TO SIMPLE TERMS 


Mensuration is arithmetic applied to geometry in determining. 
the length of lines, the area of surfaces, and the volume of solids 
or bodies. 

Definitions of geometrical terms, figures and principles. A 
point (.) has position only. A line ( ) has length only. 
Area has length and bredth. A solid has length, breadth and 
thickness. Parallel means extended in the same direction, and 
equidistant at all points. Horizontal means parallel with water 
level; vertical or perpendicular, parallel with plumb line; diag- 
onal, obliquely across a polygon. (Fig. 4.) uilateral means, 
having equal sides. Quadrilateral, having four sides. An angle 
(Fig. 1) is formed by two straight lines diverging from a com- 
mont point called the vertex. A right angle (Fig. 2) is formed 
by two straight lines meeting perpendicularly. An oblique angle 
is either (acute—Fig. 1) smaller, or (obtuse—Fig. 3) greater 
than a right angle. 


oo” 4 
Fl bs \ ot — 
Fig = Fig. Fig. 3. ; 


Fig. 4. Rectangle, Paralle] Lines. 























A plane or plane figure has area or surface only—perfectly 
even. 


A polygon is a plane figure having three or more equal sides. 
A triangle is a plane figure bounded by three straight lines. 


An equilateral triangle (Fig. 6) has all of its (3) sides equal. 
An isosceles triangle (Fig. 7) has two of its sides equal. 
scalene triangle (Fig. 5) has none of its sides equal. The base 
is the side on which a geometrical figure is supposed to stand. 
The least distance between the base and the opposite angle dotted 
line (Fig. 7) or between parallel lines (Fig. 8) is called the 
perpendicular or altitude. 


To find the area of a triangle. Rule—Multiply base by the 
altitude and take half of the product. Or, when the three sides 
are given. From 
half of the sum of ' 
the three sides, 


subtract each side 
separately; then ° 
multiply the half } 


sum and the three Fig. 5. Fig. 6. Fig. 7. 
remainders to- 

gether and extract the square root. Find sq. ft. in a triangle, 
base 8 ft., altitude 9 ft. 


Answer—(8 X 9) + 2= 36. 


_A parallelogram is a plane figure, bounded by four straight 
lines, whose opposite sides are equal, as a rectangle, a square, and 
a rhomboid. 


A rectangle is a right angled parallelogram. A square is an 
equilateral rectangle. A rhomboid is an oblique angled paral- 
lelogram. 


To find the area of a parallelogram. Rule—Multiply the length 
by the width. 
































Fig. 8. Rbomboid. 


Trapezium. 


Trapezoid. 


How many sq. ft. in a rectangle 17 by 24? 
Answer—17 X 24= 408 sq. ft. 
In a (square) floor 10 by 10? 
Answer—10 X 10= 100 sq. ft. 





Note—Dividing the area of a rectangle by one side gives the 
other side—if unknown. 

A trapezoid is a quadrilateral having two of its sides parallel. 
To find its area. Rule—Multiply its average length by the width. 

How many sq. yd. in a garden whose parallel sides are 60 and 
80 yd., and width 52 yd.? 

Answer—(60 + 80 + 2)=70; then, 70 X 52 = 3,640 sq. yd. 


A trapezoid is a quadrilateral having two of its sides parallel. 


To find its area. Rule—Form two triangles by a diagonal line, 
then multiply diagonal by sum of perpendiculars and take half 
of product. 

Find sq. rods in field shaped like a trapezium, whose diagonal 
is 90 rods, and perpendiculars (25 and 40) 65 rd. 


Answer—90X 65 = 5850 + 2==2925 rd. 

A rightangled triangle has one right angle. Its longest side 
is called hypotenuse, and the other two, base and perpendicular 
or altitude. To find its area. Rule— 

Multiply the base by the perpendicular ms 
and take half of the product. 

How many square rods in a triangular Py 5 8 5 
field whose base is 70 rods and the per- 
pendicular, 48 rods? 

Answer — (70 X 48) + 2 = 1680 square 
rods. 

Properties of the rightangled triangle. 
The square of the hypotenuse equals the 
sum of the squares of the base and the per- 
pendicular. From this principle — illus- 7) 
trated by Fig. 10—we derive the following 
rules. 

To find the hypotenuse. Rule—Add the 
square of the base and the square of the 
perpendicular, and of the sum extract 
square root. . 


A and B start from the same point, A going 4 4= 16 
































16 























Pig. 10. 


miles due west and B, 3 miles due north; how{ *= 9 


far apart are they then? V23=5 


Answer—5 miles. 

The square of 4 (base)—16; of 3 (perpendicular)=9; the 
square root of their sum (25)==5, the hypotenuse. 

To find the base or perpendicular. Rule—From the square of 
the hypotenuse, subtract the square of the other given side, and 
of their difference extract the square root. 
Find the perpendicular of a triangular field { 75*= 5625 

whose hypotenuse is 75 rods, base 60 rods.{ 60°—= 3600 

Answer—45 rods. Vv 2025 = 45 


Note—To find the difference between the squares of two num- 
bers, simply multiply their sum by their difference. 


To find the side of a square equal in area to any given quan- 
tity. Rule—Extract the square root of the given quantity. 

Thus, the dimensions of a square field containing 4000 square 
rods must be (V4000—63.246) 63% rods, nearly. Proof: 
634°= + 

To find the diagonal of a square. Rule—Multiply one side of 
the square by 10, diminish the product by 1% of itself and divide 
remainder by 7. 


What is the diagonal of a field 35 rodsf~ 35X 10—=350, 
square? 1% of 350= 3.5 
This is a simple way of finding the hypote- — 
nuse of a triangle whose base and perpen- 7)346.5 


diculars are equal. 
Ans. (rd.) 49.5 


The Circle 


A circle is a plane figure bounded by a curved line, (1, 1, 1, 1) 
called circumference, every point of which is equally distant from 
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the center. The diameter is a straight line (2, 2) across a circle, 
through its center. The radius is a straight line (3) from the 
center to the circumference. An arc is any 
part of the circumference (5, 5). A chord, 
a straight line (4) joining ends of an arc. 
A tangent (6) touches circum. without cut- 
ting it. A segment is space (C) eyclosed by 
arc and chord. A sector, space (B) enclosed 
by two radii and arc. A quadrant (A) is 
90° or the fourth part of circle. A circle is 
divided into 360°; from X to Y is 45°; from 1 
X to Z, 90°. A sextant is one-sixth of a 5 ¢ 
circle. 

To find the circumference of a circle, the Bumenteot the Circle 
diameter being given. Rule—Multiply the diameter by 3 1/7; 
for greater accuracy, by 3.1416. 








Find circumference of bicycle wheel; diam. 28 in. 
Answer—28 X 3 1/7 = 88 in. 


To find the diameter of a circle, the circumference being given. 
Rule—Divide the circumference by 31/7, or multiply it by .3183. 


Circumference of a tree 144% in., find diam. 
Answer—144.5 X 3183 = 46 in. 


To find the area of a circle. Rule—Multiply the square of the 
diameter by .7854; or the square of the radius by 3.1416; or 
the square of the circumference by .07958. 


Find the area of a piston 20 in. in diam. 


Answer—20’ X .7854 = 314.16 sq. in. 

Over how many sq. ft. can a cow graze, staked to a rope 50 
ft. long? Here, 50 feet is the radius. 

Answer—50" X 3.1416 = 7854 sq. ft. 


To find the radius of a circle, the area being given. Rule— 
Multiply the area by .3183 and extract the square root of the 
product. 

Find length of halter, tied to stake, that will enable horse to 
graze on 1 acre. 

Answer—Square feet in acre, 43560 X 3183 = 13865; 
V 13865 =117% ft. long. 

Note—The circumference of a circle is 3.1416 times greater 
than the diameter. The number 3.1416 (called Pi) ; its reciprocal, 
.3183 ; its 4th part .7854, its 6th part .5236, and others, should be 
committed to memory as they are indispensable factors in com- 
puting the areas and volumes of circular figures and bodies. 

To find the area of a sector of a circle. Rule—Take such a 

rt of the circle as the degrees in the given arc, are part of 
60. Thus, a sector whose arc is 40°, contains 40/360 or 1/9 of 
the area of the circle. 

To find the side of the greatest square that can be inscribed 
in a given circle. Rule—Multiply the diameter of 
the circle by .707; or the circumference by .225. 

The diameter of a log is 24 inches; how large a sill 
can be cut from it? 

24 X .707 = 17 in. square, nearly. 

To inscribe the greatest equilateral triangle. Rule— 
Multiply the diameter of the circle by .886. 

Side of greatest inscribed hexagon equals the radius of a circle. 

To find the diameter of a circle that will inscribe a given 
square. Rule—Multiply the side of the desired square by 1.414. 

What must be diam. of a log to cut a sill 12 in. sq.? 

Answer—12X 1.41417 in. 

The area of the greatest square inscribed in a given circle is 
exactly % of the area of the least square circumscribed about the 
same circle—or the square of its diameter. 

To find the area between the two concentric circles. 
Rule—Take the difference between the area of each TEN 
circle. A simpler way is to multiply the sum of the 


two diameters by their difference, and the product by 
734 wy 


Find the area included between two concentric 
circles whose diameters are 30 and 50 inches. (80, sum; 20, dif.) 

Answer—20 X 80 = 1600 X .7854 = 1256.64 sq. in. 

To find the diameter of a circle whose area is equal to the 
area of a given square. Rule—Multiply one side of the given 
square by 1.1284. 

To find the side of a square whose area is equal to the area 
of a given circle. Rule—Multiply the diameter of the given circle 


by .8862 
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-of the product. 


To find the diameter of three greatest equal circles 
that can be inscribed in a given circle. Rule—Multiply 
the diameter of the given circle by .464. 
Find the diameters of the three greatest circles that 
can be inscribed in a circle 50 in. in diam. 
Answer—S0 X .464 = 23.2 in. 
An ellipse is a plane figure bounded by an oval curved 
line and has a long and a short diameter or axis. 
To find its circumference. Rule—Multiply the 
sum of the two diameters by 3.1416, and take half 
Find the circumference of an ellipse whose 
diameters are .41 and 29 ft. Eilipss 
(41 + 29)=70 X 3.1416 + 2= 110 ft. nearly. 


To find the area of an ellipse. Rule—Multiply the prod 
of the two diameters by .7854._ - — 


How many square ft. are there in an elliptical platform whose 
diameters are 60 and 40 ft.? 
60 X 40= 2400 X .7854= 1885 sq. ft. nearly. 


Polygons 


AQ QQ 


Square Pentagon. Hexagon. Octagon, 














Triangle. 


To find the area of polygons, having equal sides and equal 
angles. Rule—Multiply the square of one of the equal sides— 
of a triangle, by .433; of a pentagon, by 1.7205; of hexagon, by 
2.5981; of octagon, by 4.8284. 

One side of an equilateral triangle is 30 
inches, and of an octagon, 10 in. 

Find sq. in. in each. 

30? X 433 = 389.7 in. T; 10° X 4824= 
482.84 in. O. 





a 
Trigonometric Functiopa 


P M, sine. 

For the benefit of those who intend to] O M, cosine. 
study trigonometry and surveying, this| A T, tangent. 
illustration is inserted here. It will be an | B S, cotangent. 
advantage and saving of time to be already ) O T, secant. 
familiar with the terms and the functions | O S, cosecant. 
of the science when beginning its study. | M A, versed sine. 

BN, conversed sine. 


Cubes, Cones, Pyramids, Spheres, 


A cube is a solid body, having six equal square 
sides. To find its area. Rule—Multiply area of one 
side by 6. To find its volume. Multiply the length, the 
breadth and the thickness together. 

Find sq. in. in surface of a 12 in. cube. 

Answer—12° X 6 = 864. 

How many cubic in. in a cubic foot? 

Answer—*12° = 1728. 

Find cu. ft. in a cu. mile. 

Answer—5280° = 147197952000. 

A parallelopiped is a solid body whose six 
faces are all rectangles. To find its area. 
Rule—Add areas of its six sides. To find its 
volume. Same as the cube. How many cubic 
feet in a wagon bed 10% feet long, 3 ft. wide 
and 1% ft. deep? 


Answer—10% X 3 X 1% = 39H. 


A prism is a solid having three or more rectangular sides, whose 
ends or bases are parallel plane figures. To find its area. Rule— 
Add areas of the sides and ends. To find its volume. 

Multiply the area of one end by the length. 

Find the area of a triangular prism, each of whose 
three sides are 10 by 25 inches. 

Answers—836.6 sq. in. 

10° X 433 X 2 = 86.6 sq. in. in area of the two ends. 

10 X 25 X 3=750 sq. in. area of sides. 860+ 
750 = 836.6. 

How many cubic inches in above prism, 10 by 25 
inches? 


Answer—10° X .433==43.3 X 25 = 1082% cu. in. 





Parallelopiped. 








—_— = = 





r sphere is a solid body, bounded by a uniformly 
fata PTO find its area. Rule—Multiply the square 
f diameter by 3.1416; or the square of the circum- 
ference by .3183. To find its volume. Multiply the 
cube of diameter by .5236. 

How many square in. in the surface; and how many 
cubic in. in the volume of a globe 12 in. in diameter? 

Answer—904.78 cu. in. 12° X 3.1416 = 452.39 sq. in. P~ a 
12 X .5236 = 904.78 cu. in. oe ; 

How many cubic miles in the earth, its diameter being nearly 
8000 miles? 

Answer—2000° X .5236 = 268083200000 cubic mi. 

Find greatest cube inscribed in a 26 in. globe. 

Answer—26 X .577 = 15 in. ; 

To find the dimensions of a cube, equivalent in volume to a 
given globe. Rule—Multiply the diameter of given globe by 806. 

To find the diameter of a globe, equivalent in volume to a 
given cube. Rule—Multiply one side of the cube by 1.2407. 


A cylinder is a round body of uniform diameter whose ends 
are parallel plane figures. To find its area. Rule—Multiply the 
circumference by the length and to the product add the 
areas of both ends. To find its volume. Multiply the 
area of one end by length. ye 

Find the area of a cylinder 30 inches in circumfer- 
ence and 40 inches long. 

Answer—1343.24 sq. in. 

30 X 401200 sq. in. in convex surface. 

30? X .07958 X 2== 143.24 sq. in. in the two ends. Wj 

Find cubic in. in a cylinder, diameter, 20 in., length Cvylindat 
50 in. 

Answer—20? X .7854 X 50 = 15708 cu. in. 

A cone is a solid, which has a circular base and tapers uni- 
formly to a point called vertex. 


A pyramid is a solid, resembling a cone, hav- 
ing three or more triangular sides. 


To find the area of a cone or pyramid. Rule— 
Multiply the circumference or perimeter of the 
base by the slant height, and to half of the 
product, add the area of the base. 
Cone. Pyramid, 








Find the area or surface of a cone whose cir- 
cumference at base is 40 in., and slant height 
50 in. 

Answer—1127.33 sq. in. 


50X 40 + 2= 1000 sq. in. in convex surface. 

40? X .07958 = 127.33 in. base. 

To find the volume of a cone or pyramid. Rule—Multiply the 
area of the base by the height and take % of the product. 

How many cubic feet in a 6 sided pyramid, 10 ft. high, whose 
perimeter, at base is 15 ft. or each side 2% ft.? 


Answer—54.13 cu. ft. 


244° X 2.598 = 16.24, area of base. 10 X 16.24 + 3= 54.13. 


Find cu. in. in a cone whose height is 1214 in., and diameter of 
base 10 in. 


Answer—10° X .7854 = 78.54 area of base. 78.54 X 1247+3= 
32.25 cu. in. 


The solid contents of the cone, globe, cylinder and 
the cube, all of equal dimensions, are in the ratio of 
1, 2, 3 and 3.82 respectively. Thus, taking 1 foot as 
the height and the diameter; the cone conts'ns .2618; 
the globe .5236, and the cylinder .7854 of a cubic foot. 
The cube equals 1 cu. ft. 














The frustum of a cone or pyramid is the part which remains 
after cutting off the top, parallel to the plane of the base. To find 


the area of a frustum. Rule—Multiply the 
sum of circumferences, or perimeters, by the 
slant height, and to half of the prodsct, 
add the area of each base. 


Find the area of a frustum of a cone, 
whose slant height is 40 in., its greater cir- 
cumference, 30 in., and its smaller one, 10 in. 


Prostums. 
Answer—879.58 sq. in. 


30 + 10 X 40+ 2 = 800, sides. 30°+ 10° X .07958 = 79.58, 
area of bases. F 


To find the volume of any frustum. Rule—Square both ends 
of one side, if angular, or the diameters of both ends or bases, 
if round. To the two squares add the product of the given ends 
or diameters; 4% of this sum will be the area of the average 
base of the frustum of a square pyramid, which multiplied by 
.7854 equals area of average base of frustum of a cone; multi- 
plied by .433, of a three sided frustum, by 1.7205, of a five sided 
fr., by 2.5981, of a six sided frustum, by 4.8284, of an eight 
sided frustum. For volume: multiply average area by perpen- 
dicular height. 
Find the vol- { 
ume or capac- 12*=144 Pe ig ge yy sq. ft., area 
ity of a round 15°=225 | of av. base of Fr. of cone. 
tank whose di- | 12* 15=180 

ameter is 15. ee 
ft. at base, 12 3)549(183, area of av. base of F. of sq. 
ft. at top, and pyr. 

10 ft. deep. | 143.73 X 10=1437.3 cu. ft.x7.48=10751 gallons. 
Ans.—14.37 cu. 
ft. { 

Find sq. ft. of lumber in a wagon tongue; large end, 414 in. 
sq., small end, 2% in., length, 9 ft. (108 in.). 

Answer—4¥4 + 2%? +(4% X 24%)+3=127/12 sq. in., area 
af average base; 127/12 X 108= 1359 cu. in. + 1449 7/16 sq. 
t. 











How many cu. ft. in a straight log, whose diameter at large end 
is 3 ft., small end, 2 ft., length 12 ft? 


Answer—3? + 2? +(3 X 2)+3 X .7854= 4.974 sq. ft., area of 
average base; 4.974 X 12= 59.69 cu. ft. 


A spheroid or elongated globe has a fixed and a revolving axis. 
To find its area. Rule—Multiply the revolving axis 
by the fixed axis, and that product by 3.1416. To 
find its volume. Rule—Multiply the square of the 
revolving axis by the fixed axis and that product by 
.5236. Find area, also the volume of spheroid; re- 
volving axis, 20 in., fixed, 30 in. 

20 X 30 X 3.1416 = 1884.96 sq. in. in area. 

20? X 30 X .5236 = 6283.2 cu. in. in volume. 

A cylindrical ring is formed by bending a cylinder. 
To find its area. Rule—Multiply sum of inside 
diam. and thickness of ring, by thickness, and the 
product by 9.87. To find its volume. Rule—Multiply 
sum of inside diam. and thickness by square of 
thickness, and product by 2.467. 

Find the area, also the volume of a ring whose 
inner diameter is 15 inches, and whose thickness is _Rine. 

5 inches. 

(15 + 5) X 5 X 9.87 =987 sq. in. in area. (15+5)X 5*X 
2.467 = 1233.5 cu. in vol. 

To find the dimensions of greatest cube that can be inscribed 
=< given globe. Rule—Multiply the diameter of the globe by 





Spheroid 





The above material has been drawn from “Ropp’s Cal- 
culator”—an extremely useful and inexpensive little booklet 
published by C. Ropp & Sons, of Chicago. 








W. W.&S.— REFERENCE & DATA — 1945 











CONTENTS OF HORIZONTAL CYLINDERS 


A Multiple Use Chart for Vertical as Well as Horizontal ——_my 
Tanks, Pipe Lines, Etc. 
By J. TARRANT 


Assoc. M. Inst. C. E., A. M. I. Mech. E. 
Ruislip (Middlesex), England 


THE alignment chart printed herewith gives a convenient 
method of finding the contents of cylindrical tanks placed 
with the axis horizontal for all depths of liquid in the tank. 
It is usually the case that only a fair approximation of the 
tank contents is required, and the calculation by exact formula 
is not very readily done. 

Formulas for horizontal cylindrical tanks contents are gen- 
erally printed in two forms, one for use when the liquid level 
is above the centre and the other when the level is below the 
centre of the tank. 

On the chart, the scale relating to the depth of liquid is con- 
tinuous; that is to say, it applies whether the liquid level be in 
the upper or lower half of the section. 

To use the chart, a straightedge is placed across the scales, 
and the intersections on the three scales give the related values 
Line A gives the ratio of depth of liquid to the diameter of the 
tank; line B, the diameter of the tank in feet; and line C, the 
contents, in cubic feet and gallons, for each foot of length of 
the tank. In the example shown by the line across the chart, a 
tank 15 feet in diameter in which the contents are 10 feet 6 


inches deep, will contain approximately 1,000 gallons per foot 
of length. 

By using the fixed value of h/d =I, the chart also gives cop. 
tents per foot of height of a cylinder with vertical axis, and 
also the contents of full pipes per foot of length. 

Sometimes the dimensions of a tank or pipe line will not be in 
feet, but the chart may still be used. The contents will be 
in units which correspond to the dimensional units, and the scale 
of gallons will not apply. For example, if the diameter is taken 
in inches, the contents, read on the cubic feet scale, will be in 
cubic inches per inch of length. 


The calculation of contents is clearly based on the area of the 
segment of a circle, which is what the contents scale on line C 
shows, and the calculation of segmental areas, in any dimensional 
units, may be made by use of the chart so long as the cubic feet 
scale is read, and units ascribed to this which correspond to the 
units used for the diameter. When the diameter is in feet, the 
area of the segment is in square feet; for meters, the area is in 
square meters; for inches, in square inches, and so on. 





WEIGHTS AND MEASURES 


Troy Weight 
3.086 grains = 1 carat 20 dwts. = 1 ounce 
24 grains = | dwt. 12 ounces = 1 pound 
Used for weighing gold, silver, and jewels. 


Apothecaries’ Weight 
20 grains = | scruple 8 drams = 1 ounce 
3 scruples = 1 dram 12 ounces = 1 pound 
The ounce and pound in this weight are the same as in 
Troy Weight. 
Avoirdupois Weight 
1 grain (Troy) = 1 grain (Apoth.) = 1 grain (Avdp.) 
27 11/32 grams = 1 dram 4 quarters = 1 cwt. 


16 drams = 1 ounce = 437.5 2,000 Ibs. = 1 short ton 
grains 2,240 Ibs. = 1 long ton 
16 ounces = 1 pound 1 long ton = 1 British ton 

25 pounds = 1 quarter 
Dry Measure 


2 pints = 1 quart 8 quarts = 1 peck 
1 quart = 67.2 cu. in. 4 pecks = 1 bushel 
1 British bushel = 1.032 U. S. bushel 


Liquid Measure 
1 gallon = 231 cu. in. 


31% gallons = 1 barrel 
2 barrels = 1 hogshead 


4 gills = 1 pint 
16 fluid ounces = 1 pint 
2 pints = 1 quart 

4 quarts = 1 gallon 

1 British Imperial gallon = 1.200 U. S. gallons 

1 cubic foot of water contains 7.48 gallons and weighs 62.321 Ib. 


Linear Measure 


1 mil = 0.001 inch 40 rods = 1 furlong 


12 inches = 1 foot 8 furlongs = 1 statute mile 
3 feet = 1 yard 5280 feet = 1 statute mile 
5% yards = 1 rod 3 miles = 1 league 


Square Measure 
1 circular mil = 0.7854 square mils 
1,000,000 square mils = 1 square inch 
144 square inches = 1 sq. ft. 30% sq. yds. = 1 sq. rod 
9 sq. ft. = 1 sq. yard 40 sq. rods = 1 rood 
4 _— = 1 acre = 43560 sq. 640 acres = 1 sq. mile 
t. 
Surveyor’s Measure 
43560 sq. ft. = 1 acre 
640 acres = 1 sq. mile 


7.92 inches = 1 link 

25 links = 1 rod 

4 rods = 1 chain 

10 sq. chains or 160 sq. rods 
36 sq. miles (6 miles square) 


1 acre 
1 township 
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Mariners’ Measure 
6.08 feet = 1 fathom 
120 fathoms = 1 cable length 
8.31 cable lengths = 1 nautical mile 
6080 feet = 1 nautical mile 
1 nautical mile = 1.15 statute mile 
1 knot is a speed of 1 nautical mile per hour 


Paper Measure 
2 reams = 1 bundle 
5 bundles = 1 bale 
Cubic Measure 


2150.42 cu. in. = 1 standard 
bushel 

1 cu. ft. = 4/5 of a bushel 

1728 cu. in. = 1 cu. ft. 

128 cu. ft. = 1 cord (wood) 


Househoid Measure 


60 drops = 1 teaspoon 16 tablespoons = 1 cup 
2 teaspoons = 1 dessert spoon 2 gills = 1 cup 
3 teaspoons = 1 tablespoon 2 cups = 1 pint 


METRIC EQUIVALENTS 
Linear Measure 


millimeter = 0.03937 inches 1 kilometer = 0.62137 mile 
centimeter = 0.3937 inches 1 inch = 2.54 centimeters 
decimeter = 3.937 in. = 1 foot = 3.048 decimeters 


24 sheets = 1 quire 
20 quires = 1 ream 


1 cu. cm. = .061 cu. in. 

27 cu. ft. = 1 cu. yd. 

40 cu. ft. = 1 ton (shipping) 
231 cu. in. = 1 standard gallon 


0.328 ft. 1 rod = 0.5029 dekameter 
1 meter = 39.37 in. = 1 yard = 0.9144 meter 
1.0936 yards 1 mile = 1.6093 kilometers 


dekameter = 1.9884 rods 
Square Measure 


sq. cm. = 0.1550 sq. in. 1 sq. in. = 6.452 sq. cm. 
sq. decimeter = 0.1076 sq. 1 sq. foot = 9.2903 sq. deci- 
ft meters 


— 


te 


1 sq. meter = 1.196 sq. yds. 1 sq. yard = 0.8361 sq. meter 
1 hectare = 2.47 acres 1 sq. mile = 2.59 sq. kilo- 
1 sq. kilometer = 0.386 sq. meters 
miles : 
Weights 


dyne = .00102 grains 1 metric ton = 1.1023 short 
gram = 0.03527 ounces 
kilogram = 2.2046 Ibs. 
metric ton = 2205 Ibs. 
pound = 0.4536 kilograms 


tons 
1 ounce = 28.35 grams = 
437.5 grains 


os 
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DIRECTIONS: Corresponding values 
{ of power required per thousand feet FLOW POWERGRAPH 
\. cas Uh)” to an S suet tne tee a for the solution of the formula 
‘ peint P on the index line (3) , where K Q245 
zs the index line is cut by a straight lin OP @ mck 
SK] they the pipe coefficient C. on hne Gq 
ee derived from the Williams & Hazen formula 
EXAMPLE: Given, Pipe diameter, d= 16"; by A.T. Clark & M.B. Frost 
pipe =115; ischarge, : 
6 © O@ Simes Cong" 
- wtuesendae required to overcome pipe NATIONAL WATER MAIN 
Qs CLEANING COMPANY & 
@ trnoreeets line connecting 16” on line Q) and 115 
on tine (2) Intersects fine (3) Point P. A straight ine connecting 50 CHURCH STREET 
point P and 4 m.g d. on line wail intersact te ©) ob 36 LF NEW YORK, N.Y. 
( 
This Highly Useful Graph Was Devised by Arthur T. Clark and M. B. Frost for Simplified Determination of Power Required to 5 C 
Overcome Pipe Friction Under Various Conditions. Also to De termine Condition of Pipe Lines in Service. a 





(Copies of This Graph on Linen Are Being Distributed Gratis by National Water Main Cleaning Co., New York City.) 
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PIPE FLOW DIAGRAM 
BY H.M.HUY, CONSULTING ENGINEER 
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WATER FLOW THROUGH PIPES 


A Nomograph for Solving the Hazen-Williams Formula 





a —— 


By DONALD R. KEITH 
Civil Engineer 


Division of Water, Columbus, Ohio 


ANY hand-books co taining hydraulic data include tables 

for solution of the Hazen-Williams formula for flow of 
water in pipes. These tables are limited in their scope and give 
results for “V” only. Then you either figure “Q” from “V,” 
or find some other table which shows these values. 

Even with the tables it is necessary to do a certain amount 
of calculation, such as interpolation, etc., for seldom does your 
problem fit the figures in the table. 

Some books contain curve charts for the solution of this 
formula, but only for “V.” The curve charts are usually of such 
small scale that they are tedious to use and will not give results 
close enough for practical purposes since the width of a pencil 
point might make a very definite difference in the value of “V.” 

To provide a practical device for the solution of pipe dis- 
charge problems continually confronting the Division of Water 
and the Sewage Department of Columbus, the accompanying 
chart was constructed; a chart accurate enough for all practical 
purposes, simple enough in its operation for an individual of 
average intelligence to use, and furthermore, one comprehensive 
enough to solve every problem that had to do with the flow of 
water in pipes. 

The Hazen-Williams formula was selected for the reason that 
it seems to be more generally used and accepted than any other. 

To the main formula, 


V = CR?°.@ So0.54 0.001-°.™ 


was added, 
Q — AV = 4rR*V 


in which 
V = Velocity 
R = Hydraulic radius 
S = Slope, or loss of head 
C = Coefficient. 


Tke value of “C” depends on the material and condition of the 


inner surface of the pipe. (See accompanying table of “Cc 
values. ) 

In laying out the R-scale, it was immediately seen that the 
operation of chart would be simplified by adding the pipe diam. 
> en to the opposite side of the line by the formula 

The Q-scale was first laid off for discharge in cubic feet per 
second, then to simplify, a scale showing discharge in gallons 
per minute was added to the opposite side of line. 

The scale-modulus for the R and S-scales is 8, that is to say, 
the logarithmic cycle for each of these scales would equal that 
of an 8-in. slide rule, in the original size of chart as constructed; 
in the C-scale the cycle is 6.84-in.; the V-scale, 3.42-in.; and the 
Q-scale, 1.844-in. 

The S-scale is graduated in decimals of one foot to the lineal 
foot. In problems involving loss of head, such as one foot loss 
of head in a thousand lineal feet, use the point 0.001 on the 
S-scale, and move the decimal period three places to the right 
(1.00). The S-scale is used for slope, loss of head, and pressure 
expressed in feet. 

Values of “C” of course depend upon the material and con- 
dition of inner surface of pipe as noted on the accompanying 
chart. Tables showing values of “C” for various kinds of pipe, 
old and new, may be found in any hand-book of pipe data. For 
convenience of the user of the chart these values are listed in 
the following table: 


“Hazen-Williams Table of Values for ‘C.’"’ 


Cast Iron Pipe, very smooth 
sa = “new, good condition 
old, good condition 
old, bad condition 
Steel Pipe, riveted new 
” “riveted old 


140 to 145 
125 to 135 
100 to 125 

60 to 100 
105 to 115 
(ese geestehdedahbeesacnenenseenens 90 to 105 
110 to 135 
140 to 150 


Masonry Conduits 
Brass, block tin, lead, glass 











Diameter 


of Pipe 


SIZE OF TAPS IN INCHES 





in Inches % l 
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R=20, S=000/ and C+/00.0, then V=102 
And, aligning R=20, V=1.02 itis found 





that Q= 036 cu. ft per sec. or /61.57 gal per min. 0.03 
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The index lines drawn indicate that when 

















Directions for using chart: Place straightedge on “D” scale at 
pipe diameter in inches and on “‘S” scale at loss of head per foot 
of pipe. Determine point on ‘Axis’ line where straightedge 
crosses. Then place straightedge on this point on the Axis line 
and at Constant “C” for the pipe in question. Determine point 


where straightedge then crosses Velocity ‘‘V’’ scale. Next place 
straightedge on this point on ‘“V’’ scale and on diameter of pipe 
in inches on “D” scale. Read Discharge “Q” in cfs or gpm 
where straightedge crosses ‘‘Q” line. 
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This chart reveals the correct size of brass pipe or copper pipe 
or tubing to install for desired delivery of flow and residual 
pressure requirements. 

Since the chart has been developed from reliable formulae, 
developed at Harvard University for straight runs of brass and 
copper pipes, it is necessary to allow something additional in the 
way of friction through valves, elbows and fittings. On this 
account, for the average service line it is good practice to add 
20% to the actual length of run of pipe to compensate for loss 
of head through valves and fittings. 

Example: There is an available pressure drop of 30 lbs., and 
the minimum delivery requirement at fixtures is 35 gals./ min. 
What size of pipe is required for this service? 

Assume a run of 100 ft. to compensate for fittings, etc., add 


DELIVERY CAPACITY AND PRESSURE DROP 
THROUGH BRASS AND COPPER PIPES 





me 


the 20% to secure an “indicated” run of 120 ft. From the 129 ft 
point on the base line run up to intersect the down Slanting ling 
representing 1 in. pipe; then to the right to the 30 Ib. up slant 
pressure line; then up to the G.P.M. line. The answer jg % 
gals./min. If the % in. size had been tried the result would haye 
been only 17 gals./min. delivery with a 30 Ib. pressure availabj. 
at the main. On the other size an 1% in. line will deliver twice 
the requirement—i. e., 70 gals./min. Or, for the 35 gal. rate 
of delivery only 10 Ibs. of pressure would be required. 

It is evident, therefore, that the chart will reveal the proper 
size of pipe to deliver a required flow with any desired residual 
pressure at the outlet. In this case use the difference between 
the normal minimum pressure at the main and the residual pres. 
sure desired as the “available” pressure and proceed as in the 
example given. 
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Directions 


To determine the actual length of pipe, L, to use for length B, 
to deduct for the desired pipe size and subtract it from length B. 
For example, using the above chart, a 45° offset of width 4’-24%%” (A) gives the length of run 
If it is a 2” pipe then the table indicates the amount to deduct is 
2”. Subtracting this from 5’-107%” gives 5’-87%” as the length of pipe to cut (L). 


B as 5’-10%” center to center. 
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NOMOGRAPH FOR SOLVING MANNING'S FORMULA 


By PAUL McH. ALBERT 
Shoecraft, Drury & McNamee, Engrs., Ann Arbor, Mich. 





HE accompanying nomographic chart presents a simple, tions may be rapidly tabulated. The effect of the coefficient 4p 
rapid, and practical means of solving Manning’s Formula for on the other variables as determined from the nomograph is 2 
the flow of water in pipes and open channels. valuable aid for the entire range is included. 

Snap analysis of problems involving this formula will be more For use in checking previous designs this chart will be foun 
accurate and quicker when using this nomograph inasmuch as to be valuable and make possible rapid checks inasmuch as 
only two or three motions are required to arrive at an answer. covers a wide range of all the variables. Directions for using 
If the problem entails considerable study, many different solu- the nomograph are given in the key at the bottom of the chart, 
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Velocity and Discharge Diagram for Vitrified Clay Sewer Pipe 


(Courtesy, Clay Products Assn.) 








VELOC/TY AND 
DISCHARGE DIAGRAM 


HUTTER'S FORMA. n=.0l/ 
Q= DISCHARGE in cub: ft. per sec. 
*VELOCITY in lin’ ft. per sec. 
Geo.C.D. Lenth 
Consulting Engineer, Chicago . 
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(Example: Assume 12 cu. ft. per sec. as the flow to be handled. The gradient for instance, to be a 0.2 ft. per 100 ft. rm. § 
Follow to right from gradient figure 0.20 on left until Q12 dotted line ts intersected. The vertical line found at that pow 
indicates that a 24 inch sewer is required. Also from the nearest velocity curve V4 at the intersection tt ts revealed thal 
the velocity will be 3.8 ft. at full or half full flow.) 
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. key: connect n° and V for a point on the 
0.000005 Divot Line’ and select valves of 3s” 
ond Tr" tédt le on any straight 
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‘sx’ and r and Find nm and V. 
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SAFE LOADINGS FOR WOODEN BEAMS 


Contributed by W. F. Schaphorst, M.E. 





























11). above chart will be found handy for many purposes— 

in the select.on of safe beams made of ordinary woods such 

us shortleal white pine, white oak, longleat pine. Douglas fir. 
western hemiock, white pine, and spruce. The chart is based on 
data adopied by the American Railway Engineering Association 
tor safe, uniform’y loaded wooden heams of rectangular section. 
lxample 


It is desired to ho'd 200 lb. per foot on a wooden 
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heam of 2 in. by 6 in. western hemlock over a span of 5 ft. Will 


the beam be safe? 


Run a -trajght line from the point in column A opposite “west- 


ern hemlock” 
w.th column B 


over to the depth 6 in column C. 
hows the minimum span to be 55 ft. ‘Ihe beam 


will therefore be safe as regards span. 
Then trom the depth 6 in column C run a straight line through 
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the widt 
from that 
> column C 


h 2 in column D and locate the intersection in column F. 
point of intersection run a straight line over to 
3 opposite “western hemlock.” The answer 


int in - " 
the pose he intersection with column F and is 1,600 pounds. 


is found at-Mdesired to hold only 5 x 200 or 1000 ib. on the 5 ft. 

and since the beam will actually hold 1,600 Ib., it certainly 
?— In fact, the chart shows that a beam made of 
ould be safe under this load. 
nay be used for finding any unknown fac- 


Since it is 
is amply safe. 
white pine or spruce W 

Inversely, the chart n 


that factor. 
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tor or factors. If the kind of wood and the span are known, the 
first straight line through columns A, B and C gives the mini- 
mum depth of beam which must be used. 
is unknown, the line through the columns E, F, G is located next, 
and lastly the line through columns C, D, E gives the minimum 
width of beam in column D 
_ The weight of the beam itself is included in the safe load given 
in column F, hence the user of the chart need not worry about 


If the width of beam 
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SAFE LOADINGS 
FOR |I-BEAMS 


Contributed by W. F. Schaphorst, M.E. 


HE accompanying chart reveals how 
| jae any ordinary I-Beam will hold 
under the very worst condition, with the 
load concentrated in the middle of. the 
span as shown by the sketch on the chart. 
The chart, for the sake of safety, is based 
on concentrated loading. 

Let us suppose that a weight of 4,000 
lbs. must be supported. A 7-inch I-Beam, 
weighing 240 Ibs. is available. It is 12 
feet long, and therefore weighs 20 lbs. per 
foot. The minimum distance between sup- 
ports that can be obtained for the lifting 
operation is 10 feet. Is the I-Beam strong 
enough to lift the 4,000-Ib. load? 


The Answer 


Run a straight line through the 10-ft. 
(column A) and the 20-lb. (column B) 
and locate the intersection in column C. 
Then, from that intersection in column C, 
run over to the 7-in. (column E). The 
intersection through column D shows that 
the [-Beam will support 7,000 Ibs. Since 
the load to be lifted is only 4,000 Ibs. the 
beam is amply strong. In fact, the reader 
can easily find, by applying the chart, that 
a 4-inch 1-Beam, all other conditions being 
the same, would safely support the load 
of 4,000 Ibs. 

Similarly, it is easy to ascertain the 
maximum allowable span when the factors 
in columns B, D and E are known. Or, 
the necessary weight per foot of I-Beam 
may be determined when the factors in 
columns A, D and E are known. Lastly, 
the depth of beam is determinable when 
the factors in column A, B and D are 
known. 

For loads that are “uniformly distrib- 
uted”"—not concentrated—the safe loads 
in column D may be multiplied by two. 
Thus, the above described beam will sup- 
port a uniformly distributed load of 
14,000 Ibs., or 1,400 Ibs. per running foot. 
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A MONG the mineral compounds present in natural waters, 

Calcium Carbonate is the most ubiquitous. Partly for this 
reason and partly because its molecular weight at the time, was 
thought to be exactly 100, this compound was chosen as the 
standard to be employed in the measurement of alkalinity and 
hardness. 


With more accurate determination of atomic weights, the 
molecular weight of Calcium Carbonate is now assumed to be 
100.08. Very obviously, tables earlier prepared under the as- 
sumption that the molecular weight was 100 will have a small 
and not entirely negligible error if the true weight be 100.08. 
The accompanying table, based upon the newer molecular weight 
of 100.08 for Calcium Carbonate, are arranged in such manner 
as to facilitate comparisons against other substances having dif- 
ferent values of alkalinity. These values are presented as being 
more accurate than those appearing in earlier tables computed 
on the old 100 molecular weight value assumed for Calcium 
Carbonate. 


A brief explanation of how the tables may be used follows. 
In the sixth column, sixth line, the unity of Calcium Car- 
bonate may be compared directly against every other factor in 


ALKALINITY EQUIVALENTS 


Carbonate, is the exact equivalent, in alkalinity value, to 

which would be imparted by 1.6196 of Calcium Bicarbonay 
0.7403 of Calcium Hydroxide; 0.8424 of Magnesium Carbonate. 
1.0590 of Sodium Carbonate (dehydrated), etc. ; 


Along the line, right or left, a different comparison may 
made. The molecular weight, for instance, of Calcium Bicar 
bonate, is in excess of that of Calcium Carbonate. Therefoy 
it takes more Calcium Bicarbonate to produce a given alkalini, 
than it does of Calcium Carbonate, and it is found that for a 
equal weight of Calcium Bicarbonate the alkalinity valy 4 
compared against Calcium Carbonate is only 0.6174 parts, 
the other side an equal weight of Calcium Hydrate will ty, 
an alkalinity value of 1.3506 parts; Sodium Hydroxide 1259_ 
and so on. 


From the foregoing it is seen that the compounds in they 
tables may be compared in two different ways against the (y. 
cium Carbonate Standard for alkalinity, or against any othe 
compound in the table. For instance, under the heading Sodiy, 
Hydroxide (NaOH) it is noted that one part is equal in ally. 
linity value to 1.3247 parts of Sodium Carbonate (Soda Ash): 
and, further, that one part of Sodium Carbonate is only equ 






















the column. For instance, one part of alkalinity, due to Calcium to 0.9442 parts of Calcium Carbonate in raising alkalinity valyy 










































ALKALINITY 





EQUIVALENTS* 






CaH, 

Compound Formula Al.(OH). BaO Ba(OH), CaO Ca(OH): CaCO; (CO;). MgO Mg(0h), 
Aluminum Hydrate ......... Al.(OH). 1.0000 0.3390 0.3034 0.9271 0.7017 0.5195 0.3207 1.2895 0.893 
Barium Oxide ............:. BaO 2.9494 1.0000 0.8948 2.77384 2.0697 1.5323 0.9461 3.8035 2.62% 
Barium Hydrate ........... Ba(OH), 8.2959 1.1174 1.0000 3.0559 2.3128 1.7123 1.0572 4.2503 2.937 
Calcium Oxide ............. CaO 1.0785 0.3656 0.3272 1.0000 0.7568 0.5603 0.3459 1.3908 0.9613 
Calcium Hydrate ........... Ca(OH), 1.4250 0.4831 0.4323 1.3212 1.0000 0.7403 0.4571 1.8376 1.2701 
Calcium Carbonate ......... CaCO, 1.9247 0.6525 0.5839 1.7845 1.3506 1.0000 0.6174 2.4821 L.71K 
Calcium BiCarbonate ....... CaH,(COs); 3.1174 1.0569 0.9458 2.8904 2.1876 1.6196 1.0000 4.0202 2.71% 
Magnesium Oxide .......... MgO 0.7754 0.2629 0.2352 0.7189 0.5441 0.4028 0.2487 1.0000 0.6911 
Magnesium Hydrate ........ Mg(OH), 1.1219 0.3803 0.3403 1.0402 0.7873 0.5828 0.3598 1.4468 1.00H 
Magnesium Carbonate ....... MgCO, 1.6216 0.5498 0.4920 1.5085 1.1379 0.8425 0.5201 2.0912 1.444 
Magnesium BiCarbonate .... MgH:(CO;); 2.8143 0.9541 0.8538 2.6094 1.9749 1.4621 0.9027 3.6293 2.5085 
Ere Na.O 1.1922 0.4042 0.8617 1.1054 0.8366 0.6194 0.3824 1.5375 1.062) 
Sodium Hydrate ............ NaOH 1.5387 0.5217 0.4668 1.4267 1.0798 0.7994 0.4935 1.9843 1.8715 
Sodium Carbonate .......... Na.CO; 2.0885 0.6911 0.6184 1.8900 1.4305 1.0590 0.6538 2.6288 1.8169 
Sodium Carbonate, Hydrated. NaC0O:,10H,0 5.5033 1.8658 1.6697 5.1025 3.8619 2.8592 1.7653 7.0969 4.9052 
Sodium BiCarbonate ........ NaHCO, 8.2312 1.0955 0.9803 2.9958 2.2674 1.6787 1.0364 4.1669 2.8800 
*Tri-Sodium Phosphate ...... Na:PO, 2.1028 0.7129 0.6380 1.9497 1.4756 1.0925 0.6745 2.7118 1.874 
Tri-Sodium Phosphate, 

EE wedednteqtoused’s Na;P0O,,12H;0 4.8747 1.6527 1.4790 4.5197 3.4207 2.5326 1.5636 6.2863 4.3449 









Na.CO,, 





* Prepared by the late C. Arthur Brown, of Lorain, Ohio. 
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Compound Formula MgCO, (CO;); Na.O NaOH Na,CO, 10H:O0 NaHCO; Na;PO, 12H.0 
Aluminum Hydrate ......... Al. (OH). 0.6166 0.3553 0.8387 0.6498 0.4905 0.1817 0.3094 0.4755 0.2151 
Barium Oxide .............. BaO 1.8187 1.0480 2.4737 1.9167 1.4468 0.5359 0.9128 1.4025 0.6050 
Barium Hydrate ........... Ba(OH), 2.0324 1.1711 2.7643 2.1419 1.6168 0.5989 1.0200 1.5672 0.6761 
Calcium Oxide ............. CaO 0.6650 0.3832 0.9046 0.7009 0.5290 0.1959 0.3337 0.5128 0.2212 
Calcium Hydrate ........... Ca(OH), 0.8787 0.5063 1.1952 0.9260 0.6990 0.2589 0.4410 0.6776 0.2923 
Calcium Carbonate ......... CaCO; 1.1869 0.6839 1.6143 1.2508 0.9442 0.3497 0.5956 0.9152 0.3948 
Calcium BiCarbonate ....... CaH.(CO;); 1.9223 1.1076 2.6146 2.0259 1.5292 0.5664 0.9647 1.4824 0.639% 
Magnesium Oxide .......... MgO 0.4781 0.2755 0.6503 0.5039 0.3803 0.1409 0.2399 0.3687 0.1590 
Magnesium Hydrate ........ Mg(OH), 0.6918 0.3986 0.9409 0.7291 0.5503 0.2038 0.3472 0.5334 0.2301 
Magnesium Carbonate ...... MgCoO; 1.0000 0.5762 1.3601 1.0538 0.7955 0.2946 0.5018 0.7711 0.3326 
Magnesium BiCarbonate .... MgH:;(CO;), 1.7354 1.0000 2.3604 1.8289 1.3806 0.5113 0.8709 1.3382 0.5773 
Sodium Oxide .............. Na.O 0.7352 0.4236 1.0000 0.7748 0.5848 0.2166 0.3689 0.5669 0.2445 
Sodium Hydrate ............ NaOH 0.9488 0.5467 1.2906 1.0000 0.7548 0.2796 0.4762 0.7317 0.3156 
Sodium Carbonate .......... Na,CO; 1.2570 0.7243 1.7097 1.3247 1.0000 0.3704 0.6308 0.9693 0.4181 
Sodium Carbonate, Hydrated. NaCO:,10H:0 3.3936 1.9554 4.6157 3.5764 2.6996 1.0000 1.7031 2.6169 1.1289 
Sodium BiCarbonate ........ NaHCO, 1.9925 1.1481 2.7100 2.0998 1.3850 0.5871 1.0000 1.5364 0.6628 
Tri-Sodium Phosphate ...... Na,PO, 1.2967 0.7471 1.7637 1.8665 1.0315 0.3821 0.6504 1.0000 0.4318 F 
Tri-Sodium Phosphate, : 

DT scapebstiunseeces Na; PO,,12H,0 3.0059 1.7320 4.0885 3.1679 2.3913 0.8857 1.5078 2.3181 1.0000 © 
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Based on a density of 62.355 pounds per cu. ft. for water at 62°F. 
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wire-to-water 
The Cost for Power per Thousand Gall 


In using this chart a ruler is placed from line A (Power Rate in Cents per Kilowat 


Efficiency ). 
ivoted to the proper point on line D 


A pin or pencil point is placed against the edge of the ruler on the Pj 
(Total Head in Feet). 


C at the left of the chart. 


This chart is used for determining the power cost of pumping water per thousand gallons when the total head, 
Wire-to-Water Pump 


efficiency and power rate are known. 
then be read directly from line 


to line B (% 
and the ruler is then p 
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Type “H” Hydro-Treators at Kaiser Steel Works, 
Fontana, Calif. 






Is YOUR PROBLEM 


Mt Water Softening 
















te Plants ranging in flow from 40 M.G.D. to as low as 0.10 
Removal of Color or Turbidity M.G.D. have found that the Hydro-Treator—combining 
: lron Removal flocculation, sludge thickening and clarification in a single 
i Algae Removal self-contained unit—is the most efficient and economical 


i ise method yet developed for this type of water treatment. 
* Silica Removal 


1" The Dorrco Hydro-Treator will deliver its full rated 


i THE DORRCO HYDRO-TREATOR capacity of treated water every day because the size for 
SOLVES ALL THESE AND MORE each installation is determined by a careful study of the . 


problem and past performance under similar conditions. 


“s Magnesia Recovery from Write for copy of Bulletin No. 9041 which contains full 


Sea Water details of the construction and operation of the Dorrco 
ms) Brine Purification Hydro-Treator as well as several pages of graphs, tables 
; Oil Well Brine Treatment and formulae generally useful to water technologists. 


10 Oil Refinery Waste Treatment 
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THE DORR COMPANY, ENGINEERS 


NEW YORK 22,N.Y. . . 570 LEXINGTON AVE. 
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SUGAR PROCESSING 
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ADDRESS ALL INQUIRIES TO OUR NEAREST OFFICE 
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For Safety 


Every waterworks engineer knows that 
safety throughout the system is the thing 
that counts — and now research has shown 
that this “Safety Plus” can be certain al- 
ways with adequate free available’chlorine 
residuals. Break-Point Chlorination is the 


simple, sure way to maintain these residuals 


e 


WALLACE & TIERNAN 


Manufacturers of Chlorine and Ammonia Control Apparatus SA-183 
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aly 
— residuals which can eliminate all gas- 
forming bacteria. Already many public ™ 
health authorities have established tests for 
determining free available chlorine 
residuals. You can obtain details of the pre- 
ferred procedure in your area from your 


Wallace & Tiernan Representative. 
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Newark 1, New Jersey @ Represented in Principal Cities 





